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EXPOSURE APPARATUS AND METHOD OF FABRICATING 
A MICRO-DEVICE USING THE EXPOSURE APPARATUS 

INCORPORATION BY REFERENCE 

5 This is a Continuation-In-Part of Application No. 09/259,137, filed February 26, 

1999, the disclosure of which is incorporated herein by reference in its entirety. 

Additionally, the disclosures of the following priority applications are herein 
incorporated by reference in their entireties: Japanese Patent Application No. 1 0-47400 filed 
February 27, 1998, Japanese Patent Application No. 10-263673 filed September 17, 1998, 
1 0 and Japanese Patent Application No. 2000-50137, filed February 25, 2000. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to an exposure apparatus, and to a method of making a micro- 
device using the exposure apparatus, when a micro-device (for example, a semiconductor 
1 5 element of a semiconductor device, a liquid crystal display element, an imaging element (e.g., 
a CCD), a thin film magnetic head, or the like) is fabricated by a photohthography process. 

2, Description of Related Art 

Conventionally, exposure apparatus for fabricating a semiconductor element are 
provided with an illumination device and a projection optical system. A circuit pattern 

20 formed on a mask is projected and transferred onto a photosensitive substrate, such as a wafer 
on which a photo-resist is coated, via the projection optical system. 

U.S. Patent No. 5,737,137 discloses an exposure apparatus using an EUY ray 
(extreme ultraviolet ray) in the soft X-ray region of approximately 5 nm - 21 nm. In order to 
transfer finer micro patterns onto a photosensitive substrate, it is necessary to sufficiently 

25 satisfy stricter illumination conditions in the illumination device of the exposure apparatus. 

However, adjusting mechanisms that sufficiently satisfy strict illumination conditions are not 
known. 

SUMMARY OF THE INVENTION 

Therefore, one object of the invention is to provide a method of fabricating an 
30 improved micro-device by exposure of a finer micro pattern, and to provide an exposure 
apparatus that is highly capable of satisfying strict illumination conditions. 

In order to accomplish the above-mentioned and/or other objects, according to one 
aspect of the invention, an exposvire apparatus includes a projection system, an illumination 



optical system, a drive system, first and second illumination adjustment mechanisms and first 
and second telecentricity adjustment mechanisms. The projection system has an exposure 
field that is decentered with respect to an optical axis in order to project a pattern formed on a 
mask onto a photosensitive substrate. The illumination optical system forms an illumination 
5 field at a position on the mask which is decentered with respect to the optical axis of the 

projection system in order to guide a Hght beam for exposure to the exposure field. The drive 
system relatively moves the mask and the photosensitive substrate along a specified scanning 
exposure direction with respect to the projection system. The first illumination adjustment 
mechanism adjusts an illumination characteristic, along the scanning exposure direction, in 
1 0 one of: (a) the exposure field of the projection system which is formed on the photosensitive 
substrate, and (b) an illumination field which is formed on the mask. The second illumination 
adjustment mechanism adjusts an illumination characteristic, in a direction crossing the 
scanning exposure direction, in one of: (a) the exposure field of the projection system which 
is formed on the photosensitive substrate, and (b) the illumination field which is formed on 
1 5 the mask. The first telecentricity adjustment mechanism applies an oblique component to 
telecentricity in one of (a) the exposure field of the projection system and (b) the 
illumination field formed on the mask. The second telecentiicity adjustment mechanism 
adjusts telecentiicity relative to the optical axis in one of: (a) the exposure field of the 
projection system formed on the photosensitive substrate and (b) the illumination field 
20 formed on the mask. 

According to one aspect of the invention, the illumination optical system forms an 
arcuate illumination field on the mask in the direction crossing the scanning exposure 
direction. 

According to another aspect of the invention, the first illumination adjustinent 
25 mechanism applies an illumination distribution component that is oblique relative to the 

scanning exposure direction, and the second illumination adjustment mechanism apphes an 
illumination distribution component that is oblique relative to the direction crossing the 
scanning exposxire direction. 

According to another aspect of the invention, the illumination optical system 
3 0 includes a plurality of illumination optical components, and the first and second illumination 
adjustment mechanisms move or incline at least some similar ones of the illumination optical 
components among the plurality of illumination optical components in mutually different 
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directions, or respectively move or incline mutually different ones of the illumination optical 
components which are different from each other. 

According to another aspect of the invention, the first telecentricity adjustment 
mechanism adjusts an illumination optical component which is different from an illumination 
optical component adjusted by the first and second illumination adjustment mechanisms, and 
the second telecentricity adjustment mechanism adjusts an illumination optical component 
which is different from an illumination optical component which is adjusted by the first 
telecentricity adjustment mechanism, or the same illumination optical component that is 
adjusted by the first telecentricity adjustment mechanism. 

According to another aspect of the invention, the illumination optical system 
includes a plurality of reflective components, and the first and second illumination adjustment 
mechanisms, and the first and second telecentricity adjustment mechanisms respectively 
adjust the position of at least some of the reflective components of the illumination optical 
system. 

According to another aspect of the invention, the first and second illumination 
adjustment mechanisms incHne a common reflective member about mutually different axes of 
rotation, or move the common reflective component in mutually different directions. 

According to another aspect of the invention, the first and second telecentricity 
adjustment mechanisms move the common reflective member in mutually different 
directions. 

According to another aspect of the invention, the first and second illumination 
adjustment mechanisms adjust a reflective component that is different from a reflective 
component that is adjusted by the first and second telecentricity adjustment mechanisms. 

According to another aspect of the invention, the illumination optical system 
includes; a light source that provides the light beam; a reflective optical integrator that makes 
uniform an illumination distribution on the photosensitive substrate or the mask; and a Hght 
guiding optical system, arranged between the hght source and the reflective optical integrator, 
and that guides the hght beam from the light source to the reflective optical integrator. 

According to another aspect of the invention, an illumination condition changing 
mechanism is fiirther provided, which changes an illumination condition in an illumination 
field formed on the mask, or an illumination condition in the exposure field of the projection 
system formed on the photosensitive substrate. Furthermore, the first and second 



illumination adjustment mechanisms, and the first and second telecentricity adjustment 
mechanisms perform their respective adjustments according to a change of the illumination 
condition affected by the illumination condition changing mechanism. 

Another aspect of the invention pertains to a method of fabricating a micro-device 
5 using the exposure apparatus, and includes the steps of: illuminating the mask utilizing the 
illumination optical system; and exposing an image of the pattern of the mask onto the 
photosensitive substrate utilizing the projection system. 

Another aspect of the invention pertains to an exposure apparatus having an 
illumination optical system, a projection system, a drive system, and first and second 

10 telecentricity adjustment mechanisms. The illiimination optical system includes a plurality of 
reflective components for illumination, and guides a light beam for exposure to a mask. The 
projection system projects a pattern of the mask onto a photosensitive substrate. The drive 
system relatively moves the photosensitive substrate and the mask with respect to the 
projection system along a specified scanning exposure direction. The first telecentricity 

1 5 adjustment mechanism applies an oblique component to telecentricity in one of: (a) an 

exposure field of the projection system which is formed on the photosensitive substrate and 
(b) an illumination field formed on the mask. The second telecentricity adjustment 
mechanism adjusts telecentricity relative to the optical axis in one of: (a) the exposure field of 
the projection system which is formed on the photosensitive substrate and (b) the illumination 

20 field formed on the mask. The first and second telecentricity adjustment mechanisms 

respectively adjust at least some of the reflective components of the illumination optical 
system. 

According to another aspect of the invention, the second telecentricity adjustment 
mechanism moves the reflective component that is adjusted by the first telecentricity 
25 adjustment mechanism in a direction different fi-om a direction in which the reflective 

component is moved by the first telecentricity adjustment mechanism, or moves a reflective 
component that is different fi-om the reflective component that is adjusted by the first 
telecentricity adjustment mechanism. 

According to another aspect of the invention, the illumination optical system 
30 includes: a light source that provides the Ught beam; a reflective integrator which makes 

uniform an illumination distribution on the photosensitive substrate or the mask; and a light 
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guiding optical system, arranged between the light source and the reflective integrator, and 
that guides the hght beam from the hght source to the reflective integrator. 

According to another aspect of the invention, the projection system has an exposure 
field which is decentered with respect to the optical axis, and the illumination optical system 
5 forms an illumination field at a position on the mask which is decentered with respect to the 
optical axis of the projection system in order to guide the hght beam for exposure to the 
exposure field by using a plurality of reflective components. 

According to another aspect of the invention, an illumination condition changing 
mechanism is further provided, and changes an illumination condition in an illumination field 
10 formed on the mask, or an illumination condition in the exposure field of the projection 
system formed on the photosensitive substrate. Additionally, the first and second 
telecentricity adjustment mechanisms perform the respective adjustments according to the 
change of the illumination condition made by the illumination condition changing 
mechanism. 

15 Another aspect of the invention pertains to a method of fabricating a micro-device 

using the exposure apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention will be described in conjunction with the following drawings in which 
like reference numerals designate like elements and wherein: 
20 Fig. 1 is a schematic structural diagram of an exposure apparatus according to a first 

embodiment of the invention; 

Fig. 2 is a front view showing a structure of a reflective element group shown in 

Fig. 1; 

Fig. 3 A is a front view showing the geometry of the respective reflective elements 
25 within the reflective element group shown in Fig. 2; 

Fig. 3B is a cross-sectional view showing a cross-sectional shape of the reflective 
elements shown in Fig. 3A; 

Fig. 4 is a diagram showing an arcuate illumination field IF formed on a reflective 
type mask; 

30 Fig. 5 is a diagram showing an operation of the reflective element group of Fig. 1; 
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Fig. 6A is a cross-sectional view showing a cross-sectional shape of reflective 
elements when the respective reflective elements within the reflective element group have 
aspherical shapes; 

Fig. 6B is a front view of the reflective elements shown in Fig. 6A; 
5 Fig. 7 is a cross-sectional view showing a cross-sectional shape of a condenser mirror 

when the condenser mirror has an aspherical shape; 

Fig. 8 is a diagram showing a schematic structure of an exposure apparatus according 
to a second embodiment of the invention; 

Fig. 9A is a front view showing a structure of a first reflective element group; 
10 Fig. 9B is a front view showing a structure of a second reflective element group; 

Fig. IDA is a front view showing the respective reflective elements within the first 
reflective element group shown in Fig. 9A; 

Fig. 1 OB is a cross-sectional view showing a cross-sectional shape of the reflective 
elements shown in Fig. IDA; 
1 5 Fig. 1 1 A is a front view showing the respective reflective elements within the second 

reflective element group shown in Fig. 9B; 

Fig. 1 IB is a cross-sectional view showing a cross-sectional shape of the reflective 
elements shown in Fig. 1 1 A; 

Fig. 12 is a diagram showing an operation of the first and second reflective element 
20 groups shown in Fig. 8; 

Fig. 13 is a diagram showing a modified example of an exposure apparatus according 
to the second embodiment shown in Fig. 8; 

Fig. 14A is a front view showing a modified example of the first reflective element 
group shown in Fig. 9A; 

25 Fig. 14B is a front view showing a modified example of the second reflective element 

group of Fig. 9B; 

Fig. 15 is a diagram showing an operation of the first and second reflective element 
groups shown in Fig. 14; 

Fig. 16 is a diagram showing a modified example of an exposure apparatus according 
30 to the first embodiment shown in Fig. 1 ; 

Fig. 17 is a diagram showing a first modified example of the exposure apparatus 
shown in Fig. 16; 
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Fig. 18 is a perspective view showing a structure of a turret plate included in the 
Fig. 17 exposure apparatus; 

Fig. 19 is a diagram showing a second modified example of the exposure apparatus 
shown in Fig. 16; 

5 Fig. 20 is a diagram showing a third modified example of the exposure apparatus 

shown in Fig. 16; 

Fig. 21 is a diagram showing a fourth modified example of the exposure apparatus 
shown in Fig. 16; 

Fig. 22A is a fi^ont view showing a structure of a first supplemental reflective element 
1 0 group shown in Fig. 19; 

Fig. 22B is a front view showing a structure of a second supplemental reflective 
- element group of Fig. 19; 

: Figs. 23A-C are diagrams explaining illumination distribution adjustment principles; 

Figs. 24A-C are diagrams explaining telecentricity adjustment principles; 
1 5 Fig. 25 is a flowchart of a process for adjusting an illiraiination characteristic; 

Fig. 26 is a flowchart of one example of a method when a semiconductor device is 
obtained as a micro-device; and 

Fig. 27 is a flowchart of one example of a method when a liquid crystal element is 
obtained as a micro-device. 
20 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

A first embodiment of this invention will be explained with reference to Figs. 1-4. 
Fig. 1 is a diagram showing a schematic structure of a first embodiment according to this 
invention. Fig. 2 is a front view showing a structure of a reflective element group 2, which 
functions as a multi-light source formation optical system (optical integrator). Figs. 3A and 
25 3B are diagrams showing structures of the respective reflective elements E which constitute 
the reflective type optical element group 2. Fig. 4 is a diagram showing an operation of the 
reflective element group 2 as a multi-hght source image formation optical system (optical 
integrator) shown in Fig. 1 . 

As shown in Fig. 1, a laser beam (parallel light beam) which is supplied from a light 
30 source 1 such as a laser beam source or the like which supplies laser light having a 

wavelength of 200 nm or less is incident substantially perpendicular to the reflective element 
group 2 that is used as a multi-light source formation optical system (optical integrator). An 
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ArF excimer laser which supplies a laser beam having a wavelength of 193 nm, an F2 laser 
which supplies a laser beam having a wavelength of 157 nm, a laser plasma X-ray source 
which irradiates X-rays having a wavelength of 10 nm-15 nm, a synchrotron generating 
device which supplies radiation rays having a wavelength of 10 nm-15 nm or the like can be 
used as the light source 1 . 

Here, the reflective element group 2 has a plurality of reflective elements (optical 
elements) E finely arranged along a predetermined first reference plane Pj perpendicular to a 
YZ plane in a two-dimensional manner. Specifically, as shown in Fig. 2, the reflective 
element group 2 has many reflective elements E with reflective curved surfaces having 
outlines (outer shapes) in the shape of an arc. There are five rows of reflective element 
groups 2 along the Y direction. The rows of the reflective elements are aligned in the Z 
direction. Additionally, the reflective elements E are arranged so that together they form a 
substantially round shape. 

The outline shape (arc shape) of each reflective element E is similar to a shape of an 
arcuate illumination field IF formed on a reflective mask 5 located at an illumination plane, 
which will be discussed later. As shown in Figs. 3A and 3B, each reflective element E has a 
cross-sectional shape having a reflective curved surface part of a predetermined radius of 
curvature in a predetermined region decentered fi-om an optical axis Axg. Additionally, a 
center Cg of this arcuate reflective element E is located at a position of height hg fi-om the 
optical axis Axg. Therefore, as shown in Fig. 3B, the reflective surface RSe of each 
decentered reflective element E is a decentered spherical mirror having a predetermined 
radius of curvature Rg. Furthermore, RS^ of Fig. 3B shows an effective reflective region of 
the reflective element E which effectively reflects a light beam incident fi-om the light soiu-ce 
1. 

Therefore, as shown in Fig. 3B, a laser beam (collimated light beam) L incident in a 
direction parallel to the optical axis Axj. of the reflective element E forms a light source 
image I by focusing light at a focal point F^ on the optical axis Ax^ of the reflective element 
E. Furthermore, the focal length F^ of the reflective element E is located a distance between 
an apex of the reflective curved surface of the reflective element E and the focal point F^ 
of the reflective curved surface of the reflective element E. If the radius of curvature of the 
reflective curved surface of the reflective element E is Rg, the relationship of the following 
equation (1) is established. 



(1) Fe = -Re/2 

With reference to Fig. 1, wavefronts of the laser beam (colHmated light beam) are 
incident substantially perpendicular to the reflective element group 2, and form, upon 
reflection from reflective elements E, a plurality of converging beams, each having an arcuate 
5 cross-section (hereafter "arcuate light beam"). This results in a plurality of light source 

images corresponding in number to the number of the reflective elements E being formed at a 
position P2 shifted from the incident light beam. In other words, if the laser beam is incident 
from a direction parallel to the optical axis Axg of the reflective elements E that form the 
reflective element group 2, due to the reflective hght- focusing operation of the reflective 

10 elements E, light source images I are respectively formed in plane Pj through which the focal 
point Fg passes. Thus, a plurality of secondary light sources are formed in the plane Pj in 
which the plurality of light source images I are formed. In this manner, the reflective element 
group 2 fimctions as a multiple light source image formation optical system that forms a 
plurality of light source images I, i.e., group 2 functions as an optical integrator that forms a 

15 plurality of secondary light sources. 

The light beams of the plurality of light source images I are incident to a condenser 
mirror 3 having an optical axis Axc. Mirror 3 fiinctions as a condenser optical system. This 
condenser mirror 3 is constituted by a spherical mirror having an effective reflective surface 
located at a position separated from the optical axis Ax^. The spherical mirror has a 

20 predetermined radius of curvature Re- The optical axis Axc of the condenser mirror 3 passes 
through a center (a position at which the optical axis Axc and the plane Pj in which the hght 
source image I is formed cross each other) of the location where the plurality of light source 
images I are formed by the optical element group 2. However, the focal point of the 
condenser mirror 3 exists on the optical axis Ax^. 

25 Furthermore, the optical axis Axq of the condenser mirror 3 is parallel to the 

respective optical axes Ax^i of the plurahty of optical elements Ej that form the optical 
element group 2. After the light beams from the plurality of light source images I are 
reflected and focused by the condenser mirror 3, a reflective mask 5 is superimposingly 
illuminated (irradiated) in an arc shape via a flat mirror 4, which fimctions as a fold mirror. 

30 Fig. 4 shows an arcuate illumination field EF formed on the reflective mask 5 when it is 

viewed from a direction shown by arrow A of Fig. 1, that is, from behind the reflective mask 
5. The center of curvature Ojp of the arcuate illumination field IF exists on the optical axis 
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Axp of a projection system shown Fig. 1 . If the flat mirror 4 of Fig. 1 were removed, the 
illumination field IF would be formed at the position (plane) of the illumination plane IP of 
Fig. 1, and the center of curvature On, of the illumination field IF would be located on the 
optical axis Axc of the condenser mirror 3. 

5 In the example shown in Fig. 1, the optical axis Ax^. of the condenser mirror 3 is not 

deflected 90" by the fold mirror 4. However, if the optical axis Axc of the condenser mirror 3 
were deflected 90" by a hypothetical reflective surface 4a, the optical axis Axc of the 
condenser mirror 3 would be on the same axis as the optical axis Axp of the projection system 
6 and intersect the reflective mask 5. Accordingly, it can be said that these optical axes (Ax^, 

10 Axp) are optically coaxial. Therefore, the condenser mirror 3 and the projection system 6 are 
arranged so that the respective optical axes (Axc> Axp) can optically pass through the center of 

~ curvature of the arcuate illumination field IF. 

A predetermined circuit pattern is formed in the surface of the reflective mask 5, and 
the reflective mask 5 is held by a mask stage MS that is two-dimensionally movable in the 

15 XY plane. The light that reflects off the reflective mask 5 is imaged onto a wafer 7 coated by 
resist (i.e., it is a photosensitive substrate) via the projection system 6. Thus, an arcuate 
pattern image of the reflective mask 5 is projected and transferred onto the wafer 7. The 

~ wafer 7 is held by a wafer (or substrate) stage WS that is two-dimensionally movable along 

the XY plane. 

20 The mask stage MS two-dimensionally moves in the XY plane via a first driving 

system Dj, and the substrate stage WS two-dimensionally moves in the XY plane via a 
second driving system Dj. The driving amoimts for these two driving systems (Dj, Dj) are 
controlled by a control system 8. Therefore, by the control system 8 moving the mask stage 
MS and the substrate stage WS relative to each other in opposite directions (shown by the 

25 arrows) via the two driving systems (Dj, Dj), the entire pattern formed on the reflective mask 
5 is scanned and exposed onto the wafer 7 via the projection system 6. By this operation, a 
desired circuit pattern in a photolithography process of fabricating a semiconductor device is 
transferred onto the wafer 7, to fabricate a desired semiconductor device. 

The projection system 6 having the optical axis Axp is an off-axis type reduction 

30 system including four aspherical mirrors (6a-6d), each having an effective reflective surface 
located at a position separated fi-om the optical axis Axp. The projection system 6 has an 
arcuate field located at a position separated fi^om the optical axis Ax^ at both the object plane 
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(mask 5) and the image plane (wafer 7). Additionally, with respect to the projection system 
6, the arcuate field in the object plane (mask 5) has a size corresponding to the arcuate 
illumination field IF formed on the mask 5 by the illimiination system. 

The first, third, and fourth aspherical mirrors (6a, 6c, 6d) are concave aspherical 
5 mirrors, and the second aspherical mirror 6b is a convex aspherical mirror. A pupil position 
Ps of the projection system 6 exists on a reflective surface of the third aspherical mirror 6c, 
and an aperture stop or the like is arranged at the pupil position Pg. 

The operation of the optical element group 2 shown in Fig. 1 is explained in greater 
detail with reference to Fig. 5. Fig. 5 shows an enlarged part of an illumination device which 

1 0 illuminates the reflective mask 5 shown in Fig. 1 . For the sake of explanation, the flat 

mirror 4 is omitted firom Fig. 5 and the reflective element group 2 is illustrated as having 
three reflective elements (E^-EJ. 

As shown in Fig. 5, the reflective element group 2 includes 3 reflective elements 
(E^-EJ arranged along a predetermined reference plane Pj. The predetermined reference 

15 plane P, is parallel to a plane (YZ plane) such that the focal point (position of the center of 
curvature) of each of the reflective elements (E^-EJ reside on plane Pj. The laser beam 
(collimated light beams) incident to the reflective element E^ within the reflective element 
group 2 are formed into arcuate hght beams so as to correspond to an outline shape of a 
reflective surface of the reflective element E3. The arcuate light beams (light beams shown by 

20 solid lines) converge to form a light source image due to the light focusing operation of the 
reflective surface of the reflective element E^. Subsequently, the light beams from the light 
source image are focused by the reflective surface of the condenser mirror 3, and the 
reflective mask 5 is illuminated in an arcuate shape from an oblique direction. Furthermore, 
the paper plane direction of Fig. 5 is a width direction of the arcuate illumination field formed 

25 on the reflective mask 5 . 

Similarly, the laser beam (colhmated hght beams) incident to the reflective element E^, 
within the reflective element group 2 is formed into arcuate light beams so as to correspond to 
an outline shape of a reflective surface of the optical element Ec- The arcuate light beams 
(light beams shown by dashed lines) converge to form a light source image due to the light 

30 focusing operation of the reflective surface of the reflective element E,,. Subsequently, the 
light beams from the light source image Ic are focused by the reflective surface of the 
condenser mirror 3, and the reflective mask 5 is illuminated in an arcuate shape that is 
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superimposed with an arcuate illumination field formed by the light beams (reflected from 
elements EJ shown by the solid lines. 

Thus, the hght which has been reflected by each of the reflective elements within the 
reflective element group 2 is superimposingly illiiminated in an arcuate shape on the 
5 reflective mask 5, so that uniform illumination can be accomplished. Furthermore, as shown 
in Fig. 1, the light source image formed by each of the reflective elements within the 
reflective element group 2 is re-imaged at a pupil position Pg of the projection system 6 
(entrance pupil of the projection system 6). Therefore, so-called Koehler illumination is 
accomplished. 

10 As shown in the above-mentioned first embodiment, in order to expose the pattern of 

the mask 5 onto the photosensitive substrate 7, even if the entire illumination system and 
projection system are formed from reflective type members and reflective type elements, an 
arcuate illumination field in which illumination is uniform on the mask can be efficiently 
formed, while substantially maintaining the conditions of Koehler illumination. Furthermore, 

1 5 the projective relationship of the condenser mirror 3 is made to be a positive projection, so 
that the reflective mask 5 can be illuminated under a uniform numerical aperture NA 
regardless of the illumination direction. 

Furthermore, as shown in Fig. 2, the outer shape (outline shape) of the reflective 
element group 2 is made to be substantially circular, and a plurality of reflective elements E 

20 are finely ahgned, so the outer shape (outline shape) of the secondary light source formed by 
the plurality of light source images at the position Pj is substantially circular. Accordingly, 
by making the projective relationship of the condenser mirror 3 positive and simultaneously 
setting the outer shape (outline shape) of the secondary hght source, spatial coherence within 
the illumination field IF formed on the mask 5 can be made uniform regardless of the location 

25 and the direction of illumination. 

Furthermore, by configuring the shape of the reflective sxorface of each of the 
reflective elements within the reflective element group 2 so that the projective relationship is 
identical to that of the condenser mirror 3, it is possible to make illumination in the arcuate 
illumination field formed on the reflective mask 5 more uniform without generating distortion 

30 aberration in the reflective element group 2 and the condenser mirror 3. In the above 

example, the condenser mirror 3 and the reflective elements E forming the reflective element 
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group 2 are spherical and decentered from each other. However, this arrangement also can be 
aspherical. 

Specific numerical values are listed for the condenser mirror 3 and the reflective 
element group 2 within the exposure apparatus shown in Fig. 1. The numerical value 
5 examples listed below are for a case in which the condenser mirror 3 and the reflective 
elements E forming the reflective element group 2 are constituted by aspherical-shaped 
reflective surfaces. Referring to Fig. 4, if the arc curvature (radius) of the arcuate 
illumination field formed on the reflective mask 5 is 96 mm, the arc angle ajp of the 
illumination field IF is 60°, the distance Ljp between both ends of the arcuate illumination 

10 field IF is 96 mm, the arc width tu of the illumination field IF is 6 mm, the illumination 

numerical aperture NA on the reflective mask 5 is 0.015, and the inclination (obliqueness) of 
the principle ray of the illumination light with respect to a line normal to the reflective mask 5 
is 30 mrad (i.e., the entrance pupil position of the projection system 6 is 31 19 mm firom the 
reflective mask 5), then the diameter <|) of the light beam supplied from the laser light source 

15 is approximately 42 mm. 

Furthermore, as shown in Fig. 6A, the reflective curved surface (aspherical surface) of 
the reflective element E of the reflective element group 2 is ASg, a reference spherical surface 
at the apex of the reflective curved surface of the reflective element E is Sg, the center of 
curvature of the reference spherical svirface is Ore, and the direction passing through the apex 

20 Oe of the reflective curved surface of the reflective element E perpendicular to a contact plane 
at the apex 0^ of the reflective curved surface of the reflective element E is the X axis (the 
optical axis Axg of the reflective element E is the X axis). The direction passing through the 
apex Oe of the reflective curved surface of the reflective element E parallel to the contact 
plane at the apex of the reflective curved surface of the reflective element E is the Y axis. 

25 Accordingly, an XY coordinate system can be considered in which the apex Og of the 

reflective curved surface of the reflective element E, at which the X axis and the Y axis cross 
each other, is the origin. 

Fig. 6A shows a cross-sectional view of the reflective curved surface of the reflective 
element E within the reflective element group 2. Fig. 6B shows a front view of the reflective 

30 element E within the reflective element group 2. When the distance along the direction of the 
X axis (optical axis Ax^) from the contact plane at the apex of the reflective curved surface 
of the reflective element E to the reflective surface (aspherical surface) of the reflective 
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element E is x, the distance along the direction of the Y axis from the X axis (optical axis 
Axg) to the reflective surface (aspherical surface) of the reflective element E is y, the radius of 
curvature (reference radius of curvature of the reflective element E) of the reference spherical 
surface passing through the apex Og of the reflective curved surface of the reflective 
5 element E is Rg, and aspherical coefficients are Cj, C4, Cg, Cg, and Cjo, the reflective surfaces 
of the respective reflective elements E forming the reflective element group 2 are constituted 
by aspherical surfaces expressed by the following aspherical equation. 
x(y) = (//Re) / [1 + (1 - //Re')° '] + y' + y^ + C, y^ + C3 y' + C^o y^° 
Re = -183.3211 
10 Cj = -5.37852 X 10-^ 
C4 = -4.67282 x 10-' 
C6 = -2.11339x 10-'° 
Cg = 5.71431 X IQ-'' 
Cio = -5.18051 X 10-'' 

15 As shown in Fig. 6A, each reflective element E forming the reflective element group 2 

has a reflective cross-sectional shape between a height from the optical axis Ax^ and a 
height y2 from the optical axis Ax^ in the mirror cross-sectional direction. As shown in 
Fig. 6B, in the front-view direction, an arcuate aspherical decentered mirror is constituted in 
which an arc opening angle is 60", and the length between both ends of the arc is 5.25 mm. 

20 Furthermore, the height yi from the optical axis Axe is 5.085 mm, and the height yj from the 
optical axis Ax^ is 5.415 mm. 

In this case, the light source image I formed by the reflective element E is located at a 
position separated from the apex Og of the reflective curved surface of the reflective element 
E by 76.56 mm (= Xj) in the direction of the optical axis Axg of the reflective element E. In 

25 the direction perpendicular to the optical axis Ax^ of the reflective element E, the light source 
image I is located at a position of the optical axis Axg separated from the arc center diameter 
of the reflective element E by 5.25 mm. Furthermore, the position of the light source image I 
of the reflective element E in a direction perpendicular to the optical axis Ax^ is located at a 
position of the optical axis Axg separated from the arc outer diameter of the reflective element 

30 E by 5.085 mm (= y^), and also at a position of the optical axis Axg separated from the arc 
outer diameter of the reflective element E by 5.415 mm (= yj). 



14 



As shown in Fig. 2, a reflective element group 2 preferably can be structured by 
aligning a plurality of decentered aspherical type reflective elements E with the above- 
mentioned dimensions. The following is a specific numerical value example of the condenser 
mirror 3 when a plurality of decentered aspherical type reflective elements E with the above- 
5 mentioned dimensions are used. 

As shovm in Fig. 7, the reflective curved surface (aspherical surface) of the condenser 
mirror 3 is ASc, a reference spherical surface at the apex Oc of the condenser mirror 3 is Sc, 
the center of curvature of the reference spherical surface is Orc, the direction passing through 
the apex Oc of the reflective curved surface of the condenser mirror 3 and perpendicular to a 

1 0 contact plane at the apex Oc of the reflective curved surface of the condenser mirror 3 is an X 
axis (the optical axis Axc of the condenser mirror 3 is the X axis), the direction passing 
through the apex Oc of the reflective curved surface of the condenser mirror 3 and parallel to 
the contact plane at the apex Oc of the reflective curved surface of the condenser mirror 3 is a 
Y axis, and the apex Oc of the reflective curved surface of the condenser mirror 3 at which 

15 the X axis and the Y axis cross each other is the origin. Thus, an XY coordinate system can 
be considered. 

Here, Fig. 7 shows a cross-sectional view of the reflective curved surface of the 
condenser mirror 3. When the distance along the direction of the X axis (optical axis Axc) 
from the contact plane at the apex Oc of the reflective curved surface of the condenser lens 3 

20 to the reflective surface (aspherical surface) of the condenser mirror 3 is x, the distance along 
the direction of the Y axis from the X axis (optical axis Axc) to the reflective surface 
(aspherical surface) of the condenser mirror 3 is y, the radius of curvature (reference radius of 
curvature of the condenser mirror 3) of the reference spherical surface passing through the 
apex Oc of the reflective curved surface of the condenser mirror 3 is Rc, and the aspherical 

25 coefficients are Cj, C4, C^, Cg, and Ck,, then the reflective surface of the condenser mirror 3 is 
constituted by an aspherical surface expressed by the following aspherical equation. 
x(y) = (//Rc) / [1 + (1 - //RcT'] + C, y^ + Q / + C, / + C3 / + y'" 
Rc = -3518.74523 
C2 = -3.64753 X 10-' 

30 C4 = -1.71519x 10" 
Q = 1.03873 X 10-^' 
Cs = -3.84891 X 10-2° 
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Cio = 5.12369 X 10"^' 

However, the light source images I formed by the reflective element group 2 are 
formed in the plane Pj perpendicular to the optical axis Axc of the condenser mirror 3, and the 
plane in which these light images I are formed is located at a position separated from the 
apex Oc of the reflective curved surface of the condenser mirror 3 along the optical axis Ax^ 
by 2009.8 mm (Xjc). 

An arcuate illumination field IF in which illumination distribution and spatial 
coherency are uniform is formed by the decentered aspherical type condenser mirror 3 and the 
reflective element group 2, which is constituted by the plurality of reflective elements E with 
the decentered aspherical type reflective surface shown in the above-mentioned numerical 
value example. At this time, as shown in Fig. 7, the center Cjf in the width direction of the 
arcuate illumination field IF formed by the condenser mirror 3 is located at a position 
separated from the apex Oc of the reflective curved surface of the condenser mirror 3 by 
1400 mm (= x^) in the direction of the optical axis AX^ of the condenser mirror 3. It is 
located at a position of 96 mm (= Y^c) from the optical axis AXc in the height direction of 
the optical axis AX^ of the condenser mirror 3. 

According to the above-mentioned structure, the illumination field IF in which 
illumination and spatial coherency are uniform can be formed on the reflective mask 5. 
Furthermore, when the focal length of the respective optical elements E forming the optical 
element group 2 is fp, and the focal length of the condenser mirror 3 is f^, it is preferable to 
satisfy the relationship of the following formula (2). 
(2) 0.01 < I fp/fc I < 0.5 

If the upper limit of this formula (2) is exceeded, when an appropriate power is 
applied to the respective optical elements forming the optical element group 2, the focal 
length of the condenser mirror becomes excessively short. Because of this, aberration is 
significantly generated in the condenser mirror, so that it is difficult to form a uniform arcuate 
illumination field on the mask 5. In contrast, if the lower limit of formula (2) is exceeded, 
when an appropriate power is applied to the respective optical elements forming the optical 
element group, the focal length of the condenser mirror becomes too long, and the condenser 
mirror itself becomes too large, so that it is difficuh to structure the device in a compact 
manner. 
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For example, according to the numerical value example of the condenser mirror 3 and 
the optical elements E forming the above-mentioned optical element group 2, corresponding 
values of the above-mentioned formula (2) are listed. As mentioned earlier, the radius of 
curvature Rg of the optical elements forming the optical element group 2 is -183.321 1 mm, so 
5 that the reference focal length fp of the optical element E is 91.66055 mm (fp = -Re/2). 

Furthermore, the radius of curvature Rc of the condenser mirror 3 is -3518.74523 mm, so that 
the reference focal length fc of the optical element E is 1759.3726 mm (fc = -Rc/2). 
Therefore, | fp/f^, | = 0.052, which satisfies the relationship shown in the above-mentioned 
formula. Therefore, it can be understood that the device can be formed in a compact manner 
1 0 while a preferable illumination field is maintained. 

In the embodiment shown in Fig. 1 , it is necessary to make the illimiination 
''I characteristics (illumination distribution, telecentricity, and the like) suited to the 
s photosensitive substrate 7 or the reflective mask 5 as an illimiinated object. 
J First, with reference to Figs. 1 and 23A-23C, adjusting principles and an adjusting 

15 mechanism for the illumination distribution of the photosensitive substrate 7 and/or the 
i reflective mask 5 as an illuminated object are explained. Additionally, it is assumed that a 

light beam having a normal (Gaussian) distribution is provided from the light source 1 shovm 
in Fig. 1. 

Figs. 23A-23C show an illumination distribution (or light intensity distribution) 
:20 formed in an arcuate illumination field IF on the photosensitive substrate 7 or on the 
reflective mask 5 in the embodiment shown in Fig. 1 . 

In Figs. 23A-23C, IN shows illuminance (or light intensity), DIj shows a scanning 
direction (scanning exposure direction), and DIj shows a non-scanning direction (direction 
perpendicular to the scanning direction DIj). Furthermore, in Figs. 23A-23C, ID^j, ID^j, and 
25 ID^i show an illumination distribution in the scanning direction DIi, and ID^j. ID^j, and ID,2 
show an illumination distribution in the non-scanning direction Dlj. The scanning direction 
DIj in Figs. 23A-23C corresponds to the X direction in the example shown in Fig. 1, and the 
non-scanning direction DIj (direction perpendicular to the scanning direction DIJ in 
Figs. 23A-23C corresponds to the Y direction in the example shown in Fig. 1. 
30 As shown in Fig. 23B, when a rotationally symmetrical illxmiination distribution ID^j 

is generated in the non-scanning direction DIj (direction perpendicular to the scanning 
direction DIj) of the arcuate illumination field IF formed on photosensitive substrate 7 or on 
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the reflective mask 5, the rotationally symmetrical illumination distribution ID^j is provided 
with an inclined illuminance component so as to correct an illuminance distribution ID^j in 
the scanning direction DIi (illuminance distribution inclined reversely in scanning direction 
DIi). Accordingly, the rotationally symmetrical illumination distribution ID^j can be 
corrected (prevented). 

In the embodiment shown in Fig. 1, the light source 1 is inclined by a predetermined 
amount about a first axis Axi parallel to the Y direction and perpendicular to the center of the 
light beam (illumination optical axis Axc) at an exit side of the light source, as shown by the 
arrow Tl. By this operation, the rotationally symmetrical illumination distribution EDba 
shown in Fig. 23B is corrected, and as a result, the illumination distribution 10^2 becomes 
flat. 

Furthermore, as shown in Fig. 23C, when the inclined illumination distribution IDj,2 is 
generated in the non-scanning direction DIj (direction perpendicular to the scanning direction 
DIj) of the arcuate illumination field EF formed on photosensitive substrate 7 or on the 
reflective mask 5, the inclined illumination distribution ID^j is provided with an inclined 
illuminance component so as to correct an illuminance distribution ID^2 ^^he non-scanning 
direction DI2 (illuminance distribution inclined reversely in direction perpendicular to the 
scanning direction DIi). Accordingly, the inchned illumination distribution ID^2 can be 
corrected (prevented). 

Therefore, referring to the embodiment shown in Fig. 1, the light source 1 is inclined 
by a predetermined amount about a second axis Axj, which is parallel to the Z direction and 
perpendicular to the light beam center (illumination optical axis Axc) at an exit side of the 
Hght source, as shown by the arrow T2. By this operation, the inclined illumination 
distribution IDc2 shown in Fig. 23C is corrected. As a result, the illumination distribution 
IDc2 becomes flat. 

Furthermore, as long as a relationship is satisfied in which the first axis Axj and the 
second axis Axj are perpendicular to each other, the first axis Axj can be set at any arbitrary 
position parallel to the Y axis, and the second axis AX2 can be set at any arbitrary position 
parallel to the X axis. 

Next, the adjusting principles and adjusting mechanism that adjusts for the 
telecentricity of the photosensitive substrate 7 or of the reflective mask 5 are explained with 
reference to Figs. 1 and 24A-24C. 
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Here, Figs. 24A-24C schematically show telecentricity (degree of perpendicularity of 
the principle light ray with respect to an illuminated surface or the degree of parallelism of 
the principle light ray with respect to the illumination optical axis) formed in the arcuate 
illumination field IF formed on the photosensitive substrate 7 or on the reflective mask 5 in 
5 the embodiment shown in Fig. 1. In order to simplify the explanation. Figs. 24A-24C 

schematically show the embodiment shown in Fig. 1. In Figs. 24A-24C, an aperture stop 120 
that regulates the secondary light source corresponds to the reflective type optical integrator 
of each example, which will be described later, in the example shown in Fig. 1 . The optical 
component 130 corresponds to the condenser mirror 3 of each example which will be 

10 described later and the example shown in Fig. 1 . An illumination plane 140 corresponds to 
the reflective mask 5 or the photosensitive substrate 7 of each example which will be 
described later and the example shown in Fig. 1. 

Fig. 24A shows a completely telecentric state, as the light source side focal point F of 
the optical component 130 matches the center of the aperture stop 120. Fig. 24B shows a 

i 5 state in which an oblique component is applied to the telecentricity (inclination telecentricity 
is generated), as the center of the aperture stop 120 is relatively decentered by a change 
amount Al in a direction perpendicular to the optical axis Ax with respect to the light source 
side focal point F of the optical component 130. Fig. 24C shows a state in which 
telecentricity isotropically changes (magnification telecentricity is generated) according to the 

20 position fi-om the optical axis Ax, as the light source side focal point of the optical component 
130 and the center of the aperture stop 120 change by a change amount A2 along the optical 
axis. 

As shown in Fig. 24B, when an obhque component is generated in the telecentricity in 
the arcuate illimiination field IF formed on the photosensitive substrate 7 or on the reflective 
25 mask 5, the aperture stop 120 can be moved in a reverse direction (downward along a 

direction perpendicular to the optical axis Ax) by a change amount -Al with respect to the 
optical component 130, in order to correct for the oblique component of telecentricity. 

Therefore, in the embodiment shown in Fig. 1, by shifting the reflective type optical 
integrator 2 by the predetermined amount along the plane (YZ plane) perpendicular to the 
30 illumination optical axis Axc (X direction), the oblique component of telecentricity shown in 
Fig. 24B can be corrected. 
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Furthermore, as shown in Fig. 24C, in the arcuate illumination field IF formed on the 
reflective mask 5 or on the photosensitive substrate 7, telecentricity isotropically changes 
(i.e., magnification telecentricity is generated) according to the position of the focal point 
along the optical axis. Thus, by shifting the aperture stop 120 in a reverse direction (the left 
5 side direction along the optical axis Ax) along the optical axis Ax by change amoimt -A2 with 
respect to the optical component 130, telecentricity in a reverse direction (magnification 
telecentric component in a reverse direction) is isotropically applied according to the position 
from the optical axis Ax. By this operation, change of telecentricity which is isotropically 
generated according to the position along the optical axis Ax can be corrected. 

10 Therefore, in the embodiment shown in Fig. 1, by shifting the reflective type optical 

integrator 2 by a predetermined amount along the illumination optical axis Axc (X direction), 
a change of telecentricity that is isotropically generated according to the position along the 
optical axis Axc shown in Fig. 4C can be corrected. 

Next, the following explains a process of adjusting illumination characteristics 

1 5 (illumination distribution, telecentricity, and the hke) in the photosensitive substrate 7 (an 
illumination object) with reference to Figs. 1 and 25. 
(Step 1) 

First, in step SI, an illumination characteristic measuring mask having a imiform 
reflective surface is mounted on the mask stage MS, and an optical characteristic of the 

20 sxjrface of the photosensitive substrate 7 (image plane of the projection system 6) is 

measured. Furthermore, when the illumination characteristic is measured afler the exposure 
process, the reflective mask 5 used for exposure mounted on the mask stage MS is replaced 
with the above-mentioned illumination characteristic measuring mask. 

When setting of the illumination characteristic measuring mask on the mask stage MS 

25 is completed, a control system 8 shifts a substrate stage WS via a driving system Dj, and an 
illumination characteristic measuring sensor IS arranged at one end of the substrate stage WS 
is positioned in an image plane (or an exposvire field) of the projection system 6. 
Furthermore, as the control system 8 two-dimensionally moves the substrate stage WS within 
the image plane (or within the exposure field) of the projection system 6 via the driving 

30 system Dj, the illumination characteristic measuring sensor IS detects illumination 

characteristic information within the image plane (or within the exposure field) of the 
projection system 6 in a two-dimensional matrix. Output signals fi-om the illumination 
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characteristic measuring sensor IS obtained for the respective positions within the image 
plane (or an exposure field) of the projection system 6 are input to the control system 8. With 
respect to the measurement result, illumination characteristic information (illumination 
distribution, telecentricity, and the hke) within the image plane (or the within the exposure 
5 field) of the projection system 6 is displayed by a display device, which is not depicted, 
electrically connected to the control system 8. 
(Step 2) 

In step S2, the control system 8 determines whether the current illumination 
characteristic(s) is (are) acceptable by a process of a predetermined calculation based on the 
1 0 measurement result obtained in the above-mentioned step SI. If the measured illumination 
characteristic(s) is (are) acceptable, the flow of the adjusting process shown in Fig. 25 is 
completed, the illumination characteristic measuring mask moimted on the mask stage MS is 
replaced with the reflective mask 5 for exposure, and an exposure operation begins. 

On the other hand, when the measiured illumination characteristic(s) is (are) not 
1 5 acceptable, the process moves to step S3 for performance of an adjusting process. 
(Step 3) 

In step S3, the control system 8 drives at least one of the adjusting systems (driving 
systems) AD]-AD4 upon calculating the correction amount of the illumination 
characteristic(s) based on the measurement result obtained in the above-mentioned step SI. 

20 Accordingly, for example, correction of the illumination distribution and correction of 
telecentricity are performed. 

Specifically, based on the output from the control system 8, the first adjusting system 
ADi inclines the light source 1, as shown in the arrow direction Tl, using the first axis Axj as 
a center of rotation. By this operation, the rotationally symmetrical illumination distribution 

25 IDb2 along the Y direction in the arcuate illumination field IF (the exposure field of the 

illumination system or the exposure field of the projection system 6) formed on the substrate 
7 is corrected, and the illiunination distribution ID(,2 becomes flat. 

Furthermore, based on the output from the control system 8, the second adjusting 
system ADj inclines the light source 1, as shown in the arrow direction T2, about the second 

30 axis Ax2. By this operation, the inclined illumination distribution EDc2 along the Y direction 
in the arcuate illumination field EF (the exposure field or the exposure field of the projection 
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system 6) formed on the substrate 7 is corrected, and the illumination distribution IDd 
becomes flat. 

Additionally, based on the output from the control system 8, a third adjusting system 
AD3 moves (decenters) the reflective type optical integrator 2 along the plane (YZ plane) 
5 perpendicular to the illumination optical axis Ax^ (X direction). By this operation, the 
obhque component of telecentricity is corrected. 

Furthermore, based on the output from the control system 8, a fourth adjusting system 
AD4 moves the reflective type optical integrator 2 along the illumination optical axis Axc 
(X direction). By this operation, change of telecentricity which is isotropically generated 

1 0 according to the position along the optical axis (magnification telecentricity) is corrected. 

By driving at least one of the above-mentioned first through fourth driving systems 
ADi-AD4, after correction of the illumination distribution and correction of telecentricity, for 
example, are completed, the process again returns to step SI, and the illumination 
characteristic(s) within the image plane (or the exposure field) of the projection system 6 are 

3, 5 measured. Furthermore, by confirming the illumination characteristic(s) within the image 
plane (or the exposure field) of the projection system 6 in step SI, if the measured 
illumination characteristic(s) is (are) acceptable, the adjusting procedure of Fig. 25 is 
completed. Next, the illumination characteristic measuring mask mounted on the mask stage 
MS is replaced with the reflective mask 5 for exposiu-e, and the exposure operation begins. 

20 Upon confirming the illumination characteristic(s) within the image plane (or the 

exposure field) of the projection system 6 in step SI, if the measured illimiination 
characteristic(s) is not acceptable, the process moves to step S3, and the adjusting process is 
executed. The processes of steps SI -S3 are repeated until it is determined that the 
illumination characteristic(s) is (are) acceptable. 

25 The process shown in Fig. 25 is not limited to automatic confrol by the control system 

8, but can be manually executed. For example, in the above-mentioned step S3, the control 
system 8 confrols driving systems (ADj-ADJ such as motors as an adjusting system. 
However, rather than controlhng the four adjusting systems (AD1-AD4) by the control system 
8, these four adjusting systems (ADJ-AD4) can be mechanical or electrical adjusting 

30 mechanisms that are adjusted by an operator. In this case, based on the measurement result of 
step SI, the operator can correct the illumination distribution and telecentricity via the four 
adjusting systems (AD1-AD4). 
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Furthermore, in the measuring process of the above-mentioned step SI, an example 
was explained in which the illumination characteristic(s) is (are) measured in the image plane 
(or the exposure field) of the projection system 6 by using the illumination characteristic 
measuring sensor IS arranged at one end of the substrate stage WS. However, by arranging 
5 the illumination characteristic measuring sensor IS at one end of the mask stage MS, 
two-dimensional illumination characteristics within the illumination field IF of the 
illumination system (1-4) can be measured by using this illumination characteristic measuring 
sensor IS. In this measurement, the illumination characteristic measuring mask is not needed. 
Next, with reference to Figs. 8, 9A and 9B, lOA and lOB, and 1 1 A and 1 IB, a second 

10 embodiment of this invention is explained. In the above first embodiment, an example was 
shown in which the multi-light source formation optical system (optical integrator) is 
constituted by only one reflective element group 2. However, in the second embodiment, an 
example will be shown in which the multi-light source optical system (optical integrator) is 
constituted by two reflective element groups (20a, 20b). 

15 Fig. 8 is a diagram showing a schematic structiure of a second embodiment according 

to this invention. Figs. 9 A and 9B show a front view illustrating a structure of two reflective 
element groups (20a, 20b), which function as a multi-light source formation optical system 
(optical integrator). Figs. lOA and lOB are diagrams showing a structure of the respective 
reflective elements forming the first reflective element group 20a. Figs. 1 1 A and 1 IB are 

20 diagrams showing a structure of the respective reflective elements Ej forming the second 

reflective element group 20b. Fig. 12 is a diagram showing an operation of the two reflective 
element groups (20a, 20b), which function as the multi-light source formation optical system 
(optical integrator) shown in Fig. 8. 

As shown in Fig. 8, an X-ray radiation device, which functions as a light source 1, is a 

25 synchrotron generator that provides a radiation ray having a wavelength of 1 0 nm - 1 5 irni, a 
laser plasma X-ray source radiating an X-ray having a wavelength of 10 nm - 15 nm, or the 
like. The radiation ray (X-ray) provided from the light source 1 is radiated toward the 
multi-light source formation optical system (optical integrator) 2. 

The multi-hght source formation optical system (optical integrator) 2 is formed by a 

30 first reflective element group 20a and a second reflective element group 20b. First, the first 
reflective element group 20a is explained. The first reflective element group 20a includes a 
plurahty of first reflective elements (optical elements) Ej finely arranged in a 
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two-dimensional manner along a predetermined reference plane parallel to the YZ plane. 
Specifically, as shown in Fig. 9A, the first reflective element group 20a has a plurality of 
reflective elements Ej, each having a reflective curved surface with an outline (outer shape) in 
an arc shape. There are five rows of the first reflective elements Ej in group 20a. Each row 
5 includes a plurality of first reflective elements ahgned along the Z direction, and the rows are 
arranged along the Y direction. Furthermore, the five rows of first reflective elements are 
arranged so that group 20a has an overall substantially circular shape. 

The shape (arc shape) of each reflective element B, is similar to the shape of the 
arcuate illumination field IF formed on the reflective mask 5 as an illumination siu-face which 

10 will be described later. The respective reflective elements Ej have a shape in which part of a 
reflective curved surface of a specified radius of curvature R^i in a specified region 
decentered from the optical axis Ax^, is curved so that the outline shape (outer shape) 
becomes a arcuate as shown in Figs. lOA and lOB. The center Cgi of the arcuate reflective 
element Ej is located at a height hg above the optical axis Ax^i. Accordingly, as shown in 

15 Fig. lOB, the decentered reflective surfaces of the respective reflective elements Ej are 
formed by a decentered spherical mirror having a specified radius of curvatxire Rej. 

Therefore, as shown in Fig. lOB, the radiation light (X-ray) L incident fi-om a 
specified oblique direction with respect to the optical axis Axgi of the reflective element Ei 
forms a light source image I as the light is focused at the plane Ppo (a position separated from 

20 the optical axis Axgi) perpendicular to the focal point Fei of the reflective element E^. 

Furthermore, the focal length f^i of the reflective element Ej at this time is the distance 
between the apex Oei of the reflective curved surface of the reflective element Ej and the 
focal point f^j of the reflective curved surface of the reflective element Ej. If R^^ is the radius 
of curvature of the reflective curved surface of the reflective element Ej, the relationship of 

25 the following formula (3) is established. 
(3) f^:=-RJ2 

With reference to Fig. 8, with respect to the radiation ray (X-ray) which obliquely 
enters fi-om a specified direction to the first reflective element group 20a, due to the reflective 
operation of the plurality of reflective elements Ej, arcuate tight images I corresponding in 
30 number to the number of the plurahty of reflective elements E, are formed at the position Pj, 
(the position of the surface of the respective reflective elements that form the second 
reflective element group 20b), which is shifted from the incident tight beam. In other words. 
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if the radiation light L enters from an oblique direction with respect to the respective optical 
axes Axjii of the reflective elements forming the first reflective element group 20a, due to 
the reflective light-focusing operation of the reflective elements Ej, the light source images I 
are respectively formed at the plane which passes through the focal point Fei that exists on 
5 the respective optical axes Ax^. Essentially, a plurality of secondary light sources are formed 
at the plane (Ppo of Fig. lOB) in which the plurality of light source images I are formed. 

As shown in Fig. 9B, the second reflective element group 20b is arranged at the plane 
Pb in which the plurality of light source images I are formed. Here, with respect to the 
radiation light provided from the radiation light source 1, in addition to a collimated light 

10 beam, a light beam with a diverging angle of a certain range is radiated. Because of this, a 
certain size of light source image I is formed in the plane P^ by the first reflective element 
group 20a. Therefore, in order to effectively use the radiation light provided from the 
radiation light soxirce 1, the second reflective element group 20b functions as a field mirror 
group. That is, a plurality of second reflective elements B2 forming the second reflective 

15 element group 20b respectively function as a field mirror. 

The structure of the second reflective element group 20b is now explained. The 
second reflective element group 20b is formed by a plurahty of second reflective elements 
(optical elements) finely two-dimensionally arranged along a specified second reference 
plane (the plane P^ in which the Kght source images I are formed) parallel to the YZ plane. 

20 Specifically, as shown in Fig. 9B, the second reflective element group 20b has a plurality of 
reflective elements E2 having a reflective curved surface with an outline (outer shape) formed 
in an oblong shape. Additionally, the second reflective element group 20b has five rows, 
arranged in the Y direction, each having a plurahty of second reflective elements aligned in 
the Z direction. The overall shape of the group 20b is substantially circular. 

25 That is, the plurality of second reflective elements Ej forming the second reflective 

element group 20b are respectively aligned so as to face the plurality of first reflective 
elements Ej, that form the first reflective element group 20a, one to one. Here, as shown in 
Figs. 1 1 A and 1 IB, the reflective elements Ej each have a cross-sectional shape with part of 
the reflective curved surface of a specified radius of curvature REj in a specified region that 

30 includes the optical axis Axe2 having an outline (outer shape) of an oblong shape. The center 
of this oblong-shaped reflective element E2 matches the optical axis Axe2. Accordingly, 
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the reflective surface of the reflective elements Ej is formed by a concentric spherical mirror 
having a specified radius of curvature REj as shown in Figs. 1 1 A and 1 IB. 

A function as a light source image formation optical system in which a pliirality of 
light source images I are formed, that is, a multi-light source formation optical system in 
which a plurality of secondary light soxjrces are formed, can be obtained by the first and 
second reflective element groups. The hght beams from the plurality of hght source images I 
reflected by the second reflective element group 20a are incident to the condenser mirror 3, 
which has the optical axis Ax^, and which functions as a condenser optical system. This 
condenser mirror 3 is a decentered spherical mirror that is decentered with respect to the 
optical axis Ax^- The focal point of this condenser mirror 3 matches the secondary light 
source plane Pj in which the pluraHty of light source images I are formed by the second 
optical element group 20a. The center of curvature Oc of the condenser mirror 3 exists at the 
center of the plurality of light source images I formed on the second reflective element group 
(the position at which the optical axis Ax^ and the plane in which the light source images I 
are formed cross each other), or at the center of the optical element group 2. 

The optical axis Ax^. of the condenser mirror 3 is parallel to the respective optical axes 
Axei of the plurality of optical elements Ej forming the first optical element group 20a, but is 
not parallel to the optical axes Axe2 of the plurality of optical elements E2 forming the second 
optical element group 20b. That is, the optical axes Axe2 of the plurahty of optical elements 
E2 forming the second optical element group 20b are inclined at half of the entrance angle of 
the light beam as if the obliquely incident light beam were perpendicularly incident. 

After the light beams firom the plurality of light source images I reflected by the 
second reflective element group 20a are respectively reflected and the light is focused by the 
condenser mirror 3, the reflective mask 5 is superimposingly illuminated by the arcuate hght 
images via the flat mirror 4. Fig. 4 shows an arcuate illumination field IF formed on the 
reflective mask 5 when it is seen from the direction shown by arrow A of Fig. 8, that is, from 
behind the reflective mask 5. The center of curvature Oip of the arcuate illumination field IF 
exists on the optical axis Axp of the projection system shown in Fig. 1. Furthermore, if the 
flat mirror 4 of Fig. 8 is removed, the illumination region IF is formed at the position of the 
illumination plane IP of Fig. 8, and the center of curvature 0^^ of the illumination field IF at 
this time exists on the optical axis Axc of the condenser mirror 3. 



26 



In the example shown in Fig. 8, the optical axis Axc of the condenser mirror 3 is not 
deflected by 90° by the flat mirror 4; however, if the optical axis Ax^ of the condenser optical 
system 3 were deflected by 90° by a hypothetical reflective surface 4a of the flat mirror 4 as 
shown in Fig. 8, the optical axis Ax^ of the condenser mirror 3 would be the optical axis Axp 
5 of the projection system 6 with respect to the reflective mask 5. Because of this, it can be 

said that these optical axes (Ax^, Axp) are optically coaxial. Therefore, the condenser mirror 
3 and the projection system 6 are arranged so that the respective optical axes (Ax^, Axp) 
optically pass through the center of curvature Ojp of the arcuate illumination field IF. 

A specified circuit pattern is formed in the surface of the reflective mask 5, and this 

1 0 reflective mask 5 is held by a mask stage MS that is two-dimensionally movable along the 
XY plane. Light reflected from the reflective mask 5 is imaged onto a wafer 7 coated by 
resist as a photosensitive substrate via the projection system 6, and an arcuate-shaped pattern 
image of the reflective mask 5 is projected and transferred onto the wafer 7. The wafer 7 is 
held by a substrate stage WS that is two-dimensionally movable along the XY plane. 

1 5 The mask stage MS two-dimensionally moves along the XY plane via a first driving 

system Dj, and the substrate stage WS two-dimensionally moves along the XY plane via a 
second driving system D2. With respect to these two driving systems (Di, Dj), the respective 
driving amoimts are controlled by a control system 8. Therefore, with respect to the control 
system 8, as the mask stage MS and the substrate stage WS are moved in opposite directions 

20 (arrow directions) via the two driving systems (Dj, D2), the entire pattern formed on the 

reflective mask 5 is scanned and exposed onto the wafer 7 via the projection system 6. By 
this operation, a desired circuit pattem in a photolithography process of fabricating a 
semiconductor device is transferred onto the wafer 7, so that a desired semiconductor device 
can be fabricated. 

25 The projection system 6 having the optical axis Axp is an off-axis type reduction 

system with four aspherical mirrors (6a-6d) each having an effective reflective surface at a 
position separated from the optical axis Ax^ as explained in the first embodiment. The first, 
third, and fourth aspherical mirrors (6a, 6c, and 6d) are concave aspherical mirrors, and the 
second aspherical mirror 6b is a convex aspherical mirror. The pupil position of the 

30 projection system 6 exists on the reflective surface of the third aspherical mirror 6c, and an 
aperture stop or the like is arranged at this pupil position Pg. 
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The following explains the first and second reflective element groups (20a, 20b) of the 
example shown in Fig. 8 with reference to Fig. 12. Fig. 12 is a diagram showing an enlarged 
portion of the illumination device which illiuninates the reflective mask 5 shown in Fig. 8. In 
Fig. 12, to clarify the explanation, the flat mirror 4 is omitted, and the first reflective element 
5 group 20a is formed by two reflective elements (E^i, B^,{), and the second reflective element 
group 20b is formed by two reflective elements (E^j, E^s). 

The first reflective element group 20a includes two first reflective elements (E^-^, E^i) 
arranged along a specified first reference plane located at a position optically conjugate to 
the reflective mask 5, or in the vicinity of the conjugate position. Furthermore, the second 
1 0 reflective element group 20b includes two reflective elements (E^j, £,,2) arranged along a 
specified second reference plane P^, located at a position optically conjugate to the pupil 
position of the projection system 6, or in the vicinity of the conjugate position. 

As shown in Fig. 12, the radiated light (X-ray), shown by solid lines, incident to the 
reflective element E^, within the first reflective element group 20a from a certain direction is 
15 formed into arcuate light beams that correspond to an outline shape of the reflective surface 
of the reflective element E^j, and the arcuate light beams (light beams shown by solid lines) 
form the light source image I, at one end of the reflective element E^ within the second 
reflective element group 20b by the light focusing operation of the reflective surface of the 
reflective element E^j. 

20 The radiated light (X-ray), shown by dotted lines, incident to the reflective element 

E^i within the first reflective element group 20a from another direction is formed into arcuate 
light beams that correspond to an outline shape of the reflective surface of the reflective 
element E^,, and the arcuate light beams (light beams shown by dotted lines) form a light 
source image I2 at another end of the reflective element within the second reflective 

25 element group 20b by the light focusing operation of the reflective surface of the reflective 
element E^j. 

Thus, when the radiated light in the range of the angle shown by the solid lines and 
dotted lines is incident to the reflective element E^j within the first reflective element group 
20a, a light source image extending between the light source image Ij and the light source 
30 image I2 is formed on the reflective element E^j within the second reflective element 
group 20b. Subsequently, the light beams from the two light source images (Ij, y are 
focused by the reflective light focusing operation (operation of the field mirror) of the 
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reflective element Ea^ within the second reflective element group 20b. Furthermore, the light 
is focused by the reflective light focusing operation of the reflective surface of the condenser 
mirror 3, and the reflective mask 5 is arcuately illuminated by superimposed light images 
incident from two directions. Furthermore, the paper plane direction of Fig. 12 is a width 
5 direction of the arcuate illumination field formed on the reflective mask 5. 

An optical operation by the reflective element E^^ within the first reflective element 
group 20a and the reflective element within the second reflective element group 20b is the 
same as the optical operation of the reflective element E^i within the first reflective element 
group 20a and the reflective element within the second reflective element group 20b 

10 described above, so its explanation is omitted. Thus, the hght fi-om the plurality of hght 
source images formed by the two reflective element groups (20a, 20b) superimpo singly 
illuminates the reflective mask 5 in an arcuate shape, so that uniform illumination can be 
r accomplished efficiently. Additionally, the light beams from the light source images with a 

„; certain size can be effectively focused by the operation of the reflective elements E (operation 

1- 5 of the field mirror) within the second reflective element group 20b, so that the size of the 
- condenser mirror 3 can be made compact. 

In the second embodiment shown in Fig. 8, an adjusting mechanism to improve 
illumination characteristics (illumination distribution, telecentricity, and/or the like) in the 

- photosensitive substrate 7 or in the reflective mask 5 is explained. Furthermore, it is assumed 

"20 that a light beam having a normal (Gaussian) intensity distribution is supplied from the hght 
source 1 shown in Fig. 8. 

First, an illumination characteristic measuring sensor IS arranged at one end of the 
substrate stage WS detects illumination characteristic information within the measured image 
plane (or exposure field) of the projection system 6. Next, the confrol system 8 determines 

25 whether the current illumination characteristics are acceptable based on the measurement 
result in the illumination characteristic measuring sensor IS. If the measured illumination 
characteristics are not acceptable, the control system 8 drives at least one of the first through 
fourth adjusting systems (driving systems AD1-AD4) upon calculation of the correction 
amount of the illumination characteristic based on the above-mentioned measurement resuh. 

30 Thus, correction of illumination distribution and correction of telecentricity, for example, are 
performed. 
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The first adjusting system ADj inclines the Ught source 1 by a specified amount about 
a specified third axis Axj that is parallel to the Y axis as shown by the arrow T3 based on the 
output from the control system 8. By this operation, the rotationally symmetrical 
illumination distribution ID^j along the Y direction in the arcuate illumination field (the 
5 exposure field or the exposure field of the projection system 6) EF formed on the substrate 7 is 
corrected, and the illumination distribution IDb2 becomes flat. 

Additionally, based on the output from the control system 8, the second adjusting 
system ADj inclines the light source 1 by a specified amount about a fourth axis AX4 (axis 
parallel to the Z axis) perpendicular to the above-mentioned third axis AX3 as shown by the 
10 arrow T4. By this operation, the inclined illumination distribution ED^j along the Y direction 
in the arcuate illumination field (the exposure field or the exposure field of the projection 
system 6) IF formed on the substrate 7 is corrected, and the illumination distribution ID^2 
becomes flat. 

Furthermore, based on the output from the confrol system 8, the third adjusting system 
1 5 AD3 unitarily moves (decenters) the reflective element groups (20a, 20b) as a reflective type 
optical integrator 2 by a specified amount along a plane (YZ plane) perpendicular to the light 
beam center illumination optical axis Ax^, (X axis). By this operation, the oblique component 
of telecentricity (inclination telecentricity) is corrected. 

Additionally, based on the output from the control system 8, the fourth adjusting 
20 system AD4 unitarily moves the two reflective element groups (20a, 20b) as a reflective type 
optical integrator 2 in a direction (X direction) along the illumination optical axis Ax^.. By 
this operation, change of telecentricity which is isotropically generated according to the 
position along the optical axis (magnification telecentricity) is corrected. 

Furthermore, as long as the third axis AX3 and the fourth axis AX4 shown in Fig. 8 
25 satisfy a relationship in which they cross each other, the third axis Axj can be set at any 
arbitrary position parallel to the Y axis, and the fourth axis AX4 can be set at any arbitrary 
position parallel to the X axis. 

Thus, by driving at least one of the first through fourth adjusting systems ADJ-AD4, 
illumination characteristics in the arcuate exposure field (exposure region) formed on the 
30 substrate can be suitably corrected. 

Furthermore, the adjusting operation of the illumination characteristics is the same as 
shown in the above-described Fig. 25, so its explanation is omitted. However, without 
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having the control system 8 shown in Fig. 8 control the four adjusting systems (ADj-ADJ, it 
is also possible that the operator mechanically or electrically adjusts these four adjusting 
systems (AD1-AD4). In this case, based on the measurement result made by the illumination 
characteristic measuring sensor IS (illxmiination characteristic measuring device), the operator 
5 can correct illumination distribution and telecentricity via the four adjusting systems 
(AD1-AD4). 

In Fig. 8, an example was explained in which the illumination characteristics in the 
image plane (or the exposure field) of the projection system 6 were measured by using the 
illumination characteristic measuring sensor IS arranged at one end of the substrate stage WS. 

1 0 However, two-dimensional illumination characteristics within the illumination region IF of 
the illumination systems (1-4) can also be measured by using this illiunination characteristic 
measuring sensor IS by arranging the illumination characteristic measiiring sensor IS at one 

I end of the mask stage MS. In this measurement, the illumination characteristic measuring 

mask does not need to be used. 

15 In the embodiment shown in Fig. 8, the light source images formed at the surfaces of 

the respective reflective elements within the second reflective element group 20b are 
re-imaged at the pupil position of the projection system 6 (the entrance pupil position of 
the projection system 6), so that Koehler illumination is accomplished. As shown in the 
above-mentioned second embodiment, for example, in order to expose a mask pattern onto 

20 the photosensitive substrate 7 by using light, such as an X-ray or the like, that has a 

dispersion angle and a wavelength of 100 nm or less, even if all the illiunination devices and 
projection systems are formed by reflective type members and reflective type elements, the 
arcuate illumination field in which illumination is uniform on the mask can be effectively 
formed while the conditions of Koehler illumination can be substantially maintained. 

25 Additionally, in the second embodiment shown in Fig. 8, an example was described in 

which decentered spherical reflective surfaces were used as the condenser mirror 3 forming 
the condenser optical system and as the respective reflective elements (Ej, E2) forming the 
first and second reflective element groups (20a, 20b). These elements also can be aspherical. 
Additionally, in the second embodiment shown in Fig. 8, an example was shown in which the 

30 condenser mirror 3 and the projection system 6 are arranged so that the optical axis Ax^, of the 
condenser mirror 3 and the optical axis AXp of the projection system 6 cross each other. 
However, as shown in Fig. 13, the condenser mirror 3 and the projection system 6 can also be 



31 



arranged so that the optical axis Ax^ of the condenser mirror 3 and the optical axis AXp of the 
projection system 6 can be on the same axis by changing the arrangement of the deflecting 
mirror (flat mirror) 4. 

Next, with the reference to Figs. 14A, 14B and 15, a modified example of the second 
5 embodiment shown in Fig. 8 is explained. In this example, in order to further improve the 

illumination effectiveness in the first and second reflective element groups (20a, 20b) shown 
in Figs. 9A and 9B, the first and second reflective element groups (20a, 20b) shown in Fig. 8 
have a structure shown in Figs. 14A, 14B and 15. 

First, the structure of the first reflective element group 20a is explained. As shown in 

10 Fig. 14A, the first reflective element group 20a includes three rows of second reflective 

elements aligned in the Y direction, each having a plurality of first reflective elements with an 
arcuate outline (outer shape) aligned in the Z direction. The first reflective element row 
includes a plurality of reflective elements (En^-EnJ. With respect to the first reflective 
element row Geh, arbitrary reflective elements that form the first reflective element row Geh 

15 are aligned in a state that is rotated by a separated amount about the axis Ai parallel to the Z 
axis crossing the center of the first reflective element row (the center of the respective 
reflective elements). 

The second reflective element row Gei2 includes a plurality of reflective elements 

(Ei2a-Ei2y). The second reflective element row Ggij is ahgned in a state in which arbitrary 
20 reflective elements that form the second reflective element row G^ij are rotated by a specified 

amount about the axis Aj parallel to the Z axis crossing the center of the second reflective 

element row (center of the respective reflective elements). 

The third reflective element row Gei3 includes a plurality of reflective elements (Eij^- 

EijJ. The third reflective element row Ggj3 is aligned in a state in which arbitrary reflective 
25 elements that form the third reflective element row Ggij are rotated by a specified amount 

about the axis A3, which is parallel to the Z axis, crossing the center of the third reflective 

element row (center of the respective reflective elements). 

Next, the structure of the second reflective element group 20b is explained. As shown 

in Fig. 14B, the second reflective element group 20b has nine rows, aligned in the Y 
30 direction, of reflective elements, each having a plurality of second reflective elements Ej with 

a substantially square-shaped outhne (outer shape) aligned in the Z direction. Additionally, 

the second reflective element group 20b has a first group Ge2i formed by three rows of first- 
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third reflective element rows, a second group G^22 formed by three rows of fourth-sixth 
reflective element rows, and a third group G^23 formed by three rows of seventh-ninth 
reflective element rows. 

Here, light source images which have been focused by the respective reflective 
5 elements (En^-EnJ of the first reflective element row Geh within the first reflective element 
group 20a, are respectively formed at the surface of the respective reflective elements 
forming the first group Ge2i. Furthermore, Hght source images which have been focused by 
the respective reflective elements (Ejja-Eizy) of the second reflective element row Ggis within 
the first reflective element group 20a are respectively formed at the surface of the respective 

10 reflective elements E2 forming the second group Ge22- 

Additionally, the hght source images which have been focused by the respective 
reflective elements (Eij^-Eij^) of the third reflective element row Ggis within the first 
reflective element group 20a are respectively formed at the surface of the respective reflective 
elements E2 forming the third group Ge23, Specifically, as shown in Fig. 15, the reflective 

15 elements (En^-Enk) that form the first reflective element row Geh are aligned in a state in 

which arbitrary reflective elements that form the first reflective element row Ggn are rotated 
by a predetermined amount about the axis Aj, which is parallel to the Z axis, crossing the 
center of the first reflective element row (centers C^^-Ci^ of the reflective elements). 

For example, the reflective element is fixed in a state that is rotated by a specified 

20 (small) amount about the axis Aj, in a right (counter-clockwise) direction, such that this 
reflective element Eu^ forms a circular hght source image on the upper-most reflective 
element Ej of the third row first group Ge2i- Furthermore, the reflective element E^f is fixed 
in a state that is rotated by a specified amount about the axis in a left (clockwise) direction, 
such that the reflective element E^f forms a circular hght source image If on the second 

25 reflective elements E2 firom the top of the first row of the first group Ge2i. 

Additionally, the reflective element is fixed without being rotated about the axis 
Ai, such that this reflective element E„k forms a circular hght source image If on the fourth 
reflective element Ej from the top of the second row of the first group Gezi- The optical axis 
of the reflective element E^k at this time is parallel to the optical axis of the respective 

30 reflective elements forming the first part group Ge2i. 

The structure shown in Fig. 15 is the same with respect to the structure between the 
second group Ge22 and the second reflective element row Ge^ within the first reflective 
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element group 20a and between the third group 0^23 and the third reflective element row Gj,^^ 
within the first reflective element group 20a. Thus, according to the first and second 
reflective elements (20a, 20b) shown in Figs. 14 and 15, compared to the structure of the first 
and second reflective elements (20a, 20b) shown in Fig. 9, illumination efficiency can be 
5 improved because the peripheral portion of light source image is not shielded by the outline 
(outer shape) of the second reflective element. 

In the first and second embodiments described above, reflective elements (E, Ej) 
having an arcuate outline (outer shape) within the first reflective element group that forms at 
least one part of the multi-light source formation optical system are formed by decentered 

1 0 mirrors which are decentered with respect to the optical axes (Ax^, Axgi) of the elements. 

Accordingly, restrictive conditions can be significantly moderated with respect to the optical 
design compared to the case when non-decentered reflective elements are used because it is 
sufficient to correct aberration for only the arcuate region for a certain image height (height 
from the optical axes). By this operation, aberration generated in the reflective elements 

1 5 within the first reflective element group can be sufficiently controlled. Accordingly, there is 
an advantage that extremely good, uniform arcuate illumination can be reahzed at the 
illuminated surface of the mask 5 or the like. 

Furthermore, by forming the condenser optical system as a decentered mirror system, 
aberration generated in the condenser optical system can be sufficiently controlled. 

20 Therefore, both of the above-mentioned advantages can be obtained simultaneously. 

Additionally, although the condenser optical system can be formed by one decentered mirror, 
it can also be formed by a plurality of decentered mirrors. In addition, if the condenser 
optical system is formed so as to incline at least one of the first reflective element group and 
the second reflective element group by a small amount as shown in the first and second 

25 embodiments, illumination distribution or the like in the arcuate illumination field formed on 
the illuminated surface can be adjusted. Furthermore, illumination distribution or the like in 
the arcuate illumination field can be adjusted by moving or inclining at least one decentered 
mirror forming the condenser optical system by a small amoimt in a specified direction (of 
the optical axis of the condenser optical system, or a direction perpendicular to the optical 

30 axis). 

Furthermore, in order to form a compact device while a suitable illumination field is 
maintained, it is preferable that the condenser mirror 3 and the first reflective element group 
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20a in the second embodiment also satisfy the relationship of formula (2) described earUer. 
Furthermore, in each of the above-described embodiments, an example was shown in which 
the first optical element and the second optical element forming the multi-light source 
formation optical system are reflective mirrors. However, these elements can also be formed 
5 by refractive lens elements. In this case, it is preferable that the cross-sectional shape of the 
lens element forming the first optical element be arcuate. Additionally, in Figs. 9 and 14 
described above, the first optical element group 20a and the second optical element group 20b 
which are finely arranged are shown with no space between the plurality of reflective 
elements (Ei, Ej). However, in the second optical element group shown in Figs. 9B and 14B, 

10 it is not necessary to finely arrange the plurahty of reflective elements Ej with no spaces 

in-between them. As described earher, this is because a plurality of hght source images are 
formed, corresponding to the respective reflective elements Ej, on the second light element 
group 20b or in its vicinity. Furthermore, as long as these light source images are within the 
effective reflective region of the respective reflective elements Ej, there will be no hght 

15 amount loss. Accordingly, when a plurality of hght source images are dispersedly formed 
having spaces therebetween on the second light element group 20b or in its vicinity, the 
plurality of reflective elements E2 in the second optical element group can be dispersely 
arranged with spaces therebetween. 

The reflective type optical integrator shown in Figs. 1, 2, 8, 9A, 9B, 13, 14A, 14B and 

20 1 5 has a structure provided with at least one reflective element group (2, 20a, 20b) in order to 
function so as to uniformly illuminate an illumination object (mask 5, substrate 7) or to form 
a secondary light source with a specified shape and size. However, instead of the reflective 
element group, a reflective type diffractive optical element can be used. In this case, the 
reflective type optical integrator can be formed by at least one reflective type diffractive 

25 optical element. Furthermore, forming the reflective type optical integrator by at least one 
reflective type diffractive optical element is the same as in the embodiments shown in Figs. 
16-22, which will be described below. 

In Fig. 16, a modified example of a projection exposure apparatus is shown which 
performs an exposure operation by a step-and-scan method, related to the first embodiment 

30 shown in Fig. 1 . The projection exposure apparatus shown in Fig. 16 performs an exposure 
operation by the step-and-scan method using light of approximately 5 rmi-20 nm in a soft X- 
ray region (BUV light). Furthermore, in Fig. 16, the same symbols are used for the elements 



35 



having the same functions shown in Fig. 1. In Fig. 16, the optical axis direction of the 
projection system which forms a reduced image of the mask 5 onto the wafer 7 is a Z 
direction, the paper plane direction perpendicular to this Z direction is a Y direction, and a 
direction perpendicular to the paper plane direction, which is perpendicular to the YZ plane, 
5 is an X direction. Furthermore, in the device shown in Fig. 16 and Figs. 17 and 19-21, which 
will be described later, as shown in Figs. 1 and 8, driving devices (Dj, Dj) are provided to 
relatively move the mask stage MS and the substrate stage WS with respect to the projection 
system 6; however, the mask stage MS and driving devices (D^, D2) are not shown in Figs. 17 
and 19-21. 

10 As shown in Fig. 16, the exposure apparatus projects an image of part of the circuit 

pattern formed on the reflective mask 5 onto the wafer 7 (substrate) via the projection 
system 6. The mask 5 and the wafer 7 are relatively scanned in a one-dimensional direction 
(Y direction) with respect to the projection optical system 6, so that the entire circuit pattern 
of the mask 5 can be transferred to the respective plurality of shot areas on the wafer 7 by the 

1-5 step-and-scan method. 

Transmission of the soft X-ray, which is an exposure illumination light, is low with 
respect to the atmosphere. Therefore, the optical path through which the EUV Ught passes is 
covered by a vacuum chamber 100 and is shielded from the atmosphere. A laser hght 
source 10 provides infrared laser light in the visible region and can be, for example, a YAG 

20 semiconductor laser, an excimer laser, or the like. The laser light is focused by a light 

focusing optical component 1 1 to a position 13. A nozzle 12 ejects a gas mediimi toward the 
light focusing position 13, and the ejected medium receives a laser light with high 
illumination at the position 13. At this time, the temperature of the emitted medium becomes 
high due to the energy of the laser light, is activated into a plasma state, and emits the EUV 

25 light when transferred to a low potential state. 

An elliptical mirror 14 is arranged in the vicinity of position 13. This elliptical mirror 
14 is positioned so that its first focal point substantially matches the light focusing position 
13. A multi-layer film to reflect the EUV Ught is arranged inside the elliptical mirror 14, and 
the EUV light which is reflected here passes to a parabolic mirror (collimator reflective 

30 mirror) 15 after being once focused at a second focal point of the elliptical mirror 14. This 

reflective mirror 15 is positioned so that its focal point substantially matches the second focal 
point position of the elliptical mirror 14. 
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The EUV light which exits from the parabolic mirror 15 passes to a reflective type fly 
eye optical system 2, which functions as an optical integrator, in a substantially collimated 
state. A light collection optical system is formed by the light focusing optical component 1 1, 
the elliptical mirror 14, and the parabolic mirror 15. The reflective type fly eye optical 
5 system 2 is formed by the first reflective element group 20a which is constituted by a 

collection of a plurality of reflective surfaces (reflective surfaces of a plurality of reflective 
elements EJ and the second reflective element group 20b having a plurality of reflective 
surfaces (reflective surfaces of a plurality of reflective elements E^) corresponding to the 
plurality of reflective surfaces of the first reflective element group 20a. A multi-layer fihn to 

10 reflect the EUV hght is arranged also on the plurality of reflective surfaces that form the first 
and second reflective element groups 20a and 20b. 

A first variable aperture stop ASl to vary the niunerical aperture of a light beam 
which illuminates the reflective mask 5 (numerical aperture of the illumination system) is 
arranged at the reflective surface position of the second reflective element group 20b which 

15 forms the reflective type fly eye optical system 2, or at a position nearby. This first variable 
aperture stop ASl has a substantially circular variable aperture, and the aperture diameter of 
the aperture of the first variable aperture stop ASl is varied by the first driving system DRl. 

The collimated EUV light from the parabohc mirror 15 is formed by the first 
reflective element group 20a into a plurahty of light source images as the EUV light is 

20 focused by the respective reflective surfaces. In the vicinity of the positions at which the 
plurality of light source images are formed, a plurality of reflective surfaces of the second 
reflective element group 20b are positioned, and the plurality of reflective surfaces of the 
second reflective element group 20b substantially function as a field mirror. Thus, based on 
the substantially parallel hght beams from the parabolic mirror 15, the reflective type fly eye 

25 optical system 2 forms a plurality of Ught source images as secondary light sources. 

After the EUV hght from the secondary light sources formed by the reflective type fly 
eye optical system 2 passes to the condenser mirror 3, which is positioned so that the vicinity 
of the secondary hght source positions is located at its focal point position, and the light is 
reflected and focused by the condenser mirror 3, it reaches the reflective mask 5 via an optical 

30 path folding mirror 4. A multi-layer film to reflect the EUV light is arranged on the surface 
of the optical path folding mirror 4 and the condenser mirror 3. As described previously, the 
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condenser mirror 3 focuses the EUV light generated from the secondary hght sources and 
superimposingly uniformly illuminates a specified illumination field on the reflective mask 5. 

A pattern of multi-layer film that reflects the EUV hght is arranged on the reflective 
mask 5, and the EUV hght which has been reflected by the reflective mask 5 is imaged by the 
5 projection system 6, so that the image of the reflective mask 5 is transferred onto the wafer 7, 
which is a photosensitive substrate. In this embodiment, in order to spatially separate an 
optical path of the illumination hght passing to the reflective mask 5 and the EUV light 
passing to the projection system 6 as the Ught is reflected by the reflective mask 5, the 
illumination system is a non-telecentric system, and the projection system 6 is also a non- 
1 0 telecentric optical system on the mask side. 

Furthermore, the structure of the projection system 6 is the same as the structure of the 
projection system 6 shown in Fig. 1, so further explanation is omitted. A multi-layer film 
= which reflects the EUV light is arranged on the surface of four mirrors (6a-6d) that form the 

-i projection system 6 shown in Fig. 16. The mirror 6c is arranged at the pupil position of the 
tS projection system 6, or in the vicinity thereof, in Fig. 17, and a second variable aperture stop 
is arranged which varies the numerical aperture of the projection system 6 at the reflective 
surface of the mirror 6c or in the vicinity thereof The second variable aperture stop AS2 has 
a substantially circular variable aperture, and the aperture diameter of the aperture of the 
second variable aperture stop AS2 is varied by a second driving system DR2. 
:'20 Varying the ratio between the numerical aperture of the illumination system and the 

numerical aperture of the projection system 6 (coherence factor or cr value) is now explained. 
The <T value is defined by cj = NA1/NA2 if the numerical aperture of the illumination system 
is NAl and the numerical aperture of the projection system 6 is NA2. Depending on the 
process by which the pattern is transferred to the wafer 7 and the degree of fineness of the 
25 pattern which is transferred to the wafer 7, it is necessary to make variable the ratio between 
the numerical aperture of the illumination system and the numerical aperture of the projection 
system 6, and to adjust the resolution, the depth of focus, or the like of the projection system 
6. Because of this, exposure information concerning the exposure conditions of respective 
wafers sequentially mounted on the wafer stage WS by a supply device, which is not shown, 
30 and mounting information of various masks sequentially mounted on the mask stage MS is 
input to the control device 8 via an input unit lU, such as, e.g., a console. Based on the input 
information from the input unit lU, every time a wafer 7 is mounted on the wafer stage WS, 
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the control device 8 determines whether the ratio between the numerical aperture of the 
illumination system and the numerical aperture of the projection system 6 needs to be 
changed. If it is determined that the ratio between the numerical aperture of the illumination 
system and the numerical aperture of the projection system 6 needs to be changed, the control 
5 device 8 drives at least one of two driving systems (DRl, DR2) and varies the aperture 
diameter of at least one of the first variable aperture stop ASl and the second variable 
aperture stop AS2. By this process, appropriate exposure can be accomphshed under various 
exposure conditions. 

In response to varying the apertiire diameter of the first variable aperture stop ASl, it 

1 0 is desirable that the reflective mirror 1 5 be replaced with a reflective mirror having a different 
focal length. By this process, according to the size of the aperture of the first variable 
aperture stop AS 1 , the hght beam diameter of the EUV light which enters the reflective type 
fly eye optical system 2 can be changed, and illumination is possible under an appropriate a 
value while high illumination effectiveness is maintained. 

1 5 With reference to the embodiment shown in Fig. 1 6, an adjusting mechanism to 

improve illumination characteristics (illumination distribution, telecentricity, or the like) on 
the reflective mask 5 or on the photosensitive substrate 7 is now explained. 

The illumination characteristic measuring sensor IS arranged at one end of the 
substrate stage WS detects illumination characteristic information within the image plane (or 

20 exposure field) of the measured projection system 6. Subsequently, based on the 

measurement resuh of the illumination characteristic measuring sensor IS, the control system 
8 determines, upon performing a specified calculation, whether the current illumination 
characteristics are acceptable. If the measured illumination characteristics are not acceptable, 
the control system 8 drives at least one of the first through fourth adjusting systems AD1-AD4 

25 upon calculation of the correction amount of the illumination characteristics based on the 
measurement result. For example, the illumination distribution and telecentricity are 
corrected. 

Based on the output from the control system 8, the first adjusting system ADj inclines 
the parabolic mirror 15, as shown by the arrow T5, about a fifth axis Axj, which is parallel to 
30 the X axis of the exit side of the paraboUc mirror 1 5, by a specified amount. By this 

operation, the rotationally symmetiical illumination distiibution ID^j along the Y direction in 
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the arcuate illumination field IF (exposure region or exposure field of the projection system 
6) formed on the substrate 7 is corrected, and the illimiination distribution 1D^2 becomes flat. 

Based on the output from the control system 8, the second adjusting system AD2 
incUnes the paraboUc mirror 15, as shown by the arrow T6, about a sixth axis Axg (axis 
5 parallel to the Z axis) perpendicular to the fifth axis AX5 on the exit side of the parabolic 
mirror 15 by a specified amomt. By this operation, the inclined illumination distribution 
IDc2 along the Y direction in the arcuate illumination field IF (the exposure region or the 
exposure field of the projection system 6) formed on the substrate 7 is corrected, and the 
illumination distribution IDc2 becomes flat. 

10 Based on the output from the control system 8, the third adjusting system AD3 

imitarily moves (decenters) the reflective type optical integrator 2 (20a, 20b) and the first 
aperture stop AS 1 by a specified amoimt along a plane (XZ plane) perpendicular to the 
illumination optical axis Ax^ (X direction). By this operation, the oblique component of 
telecentricity (inclined telecentricity) can be corrected. 

15 Based on the output from the control system 8, the fourth adjusting system AD4 

unitarily moves the reflective type optical integrator 2 (20a, 20b) and the first aperture stop 
ASl along the illumination optical axis Ax^ (Y direction) by a specified amount. By this 
operation, change of telecentricity which is isofropically generated according to the position 
along the optical axis (magnification telecentricity) can be corrected. 

20 Furthermore, as long as the fifth axis Axj and the sixth axis Axg shown in Fig. 1 6 

cross (intersect) each other, the fifth axis AX5 can be set at any arbitrary position parallel to 
the X axis, and the sixth axis Axg can be set at any arbitrary position parallel to the Z axis. 
Furthermore, the scanning direction DIj in Fig. 23 corresponds to the Y direction in the 
example shown in Fig. 16, and the non-scanning direction DIj (direction perpendicular to the 

25 scanning direction DIj) in Fig. 23 corresponds to the X direction in the example shown in 
Fig. 16. 

Thus, by driving at least one of the first through fourth adjusting systems AD1-AD4, 
illumination characteristics in the arcuate exposure field (exposure region) formed on the 
substrate can be suitably corrected. 
30 Furthermore, the adjusting operation of the above-mentioned illumination 

characteristics is the same as the adjusting operation of Fig. 25 described above, so fiirther 
explanation is omitted. Without having the control system 8 shown in Fig. 16 control the 
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four adjusting systems (ADj-ADJ, the adjusting operation can be performed by a mechanical 
or an electrical adjusting mechanism in which an operator adjusts the four adjusting systems 
(AD]-AD4). In this case, based on the measurement result obtained by the illumination 
characteristic measuring sensor IS (illumination characteristic measuring device), the operator 
5 can correct the illumination distribution and telecentricity via the four adjusting systems 
(AD^-ADJ. 

Additionally, in Fig. 16, an example was explained in which illumination 
characteristics in the image plane (exposure field) of the projection system were measured by 
using the illumination characteristic measuring sensor IS arranged at one end of the substrate 

10 stage WS. However, it is also acceptable to provide the illumination characteristic measuring 
sensor IS at one end of the mask stage MS, and to measure the two-dimensional illumination 
characteristics within the illumination field IF of the illumination system (1-4) by using this 
illumination characteristic measuring sensor IS. In this measurement, the illumination 
characteristic measuring mask does not need to be used. 

15 Furthermore, in the exposure apparatus shown in Fig. 16, when the distribution is not 

uniform, such as when the light illumination distribution on the reflective mask 5 or the wafer 
7 is inclined, the inclination of the hght illumination distribution can be corrected by 
decentering the light beam so that the light beam, such as the EUV hght or the hke, which 
enters the reflective type fly eye optical system 2 crosses the reflective element group 20a. 

20 For example, by slightly decentering the parabolic mirror 15, the inclination of the hght 

illumination distribution can be corrected. That is, when inclination of the light illximination 
distribution is generated in the right-and-left direction (X direction) of the arcuate 
illumination field formed on the wafer surface on the reflective mask 5, by moving the 
parabolic mirror 15 in the X direction, the inclination of the light illumination distribution can 

25 be corrected. Furthermore, when illumination is different between the center and the 

surroimding part in the width direction (Z direction) of the arcuate illimiination field formed 
on the wafer surface or on the surface of the reflective mask 5, by moving the parabolic 
mirror 1 5 in the Z direction, the inclination of the light illumination distribution can be 
corrected. 

30 Due to making at least one of the first variable aperture stop ASl and the second 

variable aperture stop AS2 variable, there are cases where the illumination state may 
deteriorate due to generation of illumination irregularities or the like of the arcuate 
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illumination field formed on the wafer 7 or on the mask 5. At this time, it is preferable to 
slightly move at least one optical component among the parabolic mirror 15, the reflective 
type fly eye optical system 2, and the condenser mirror 3, to correct the illumination 
irregularity or the like of the arcuate illumination field. 
5 Fig. 17 shows a first modified example of the projection exposure apparatus shown in 

Fig. 16. In Fig. 17, the elements having the same fimction as the elements shown in Fig. 16 
are identified by the same symbols. The first difference between the exposure apparatus 
shown in Fig. 16 described above and the exposure apparatus shown in Fig. 17 is that, instead 
of the first variable aperture stop ASl arranged at the position of or in the vicinity of the 
10 reflective surface of the second reflective element group 20b, which is one of the elements 

forming the reflective type fly eye optical system 2, a turret plate 51 (see Fig. 18) is provided 
in which different shapes and sizes of a plurality of aperture stops (50a-50f) are formed. The 
turret plate 51 can be rotated about a specified rotation axis 52 by the first driving system 
DRl. 

15 A second difference with respect to the exposure apparatus shown in Fig. 16 is that an 

armular hght beam converting unit 60 that converts the EUV light having a circular light 
beam cross section into EUV light having an annular light beam cross section is removably 
provided in the optical path between the parabolic mirror 15 and the first reflective element 
group 20a. 

IQ This annular light beam converting unit 60 has a first reflective member 60a having an 

annular reflective surface and a second reflective member 60b with a circular-conical 
reflective surface. To make the ratio variable between the inner diameter of the ring and the 
outer diameter of the ring of the annular EUV light that enters the reflective type fly eye 
optical system 2, the first reflective member 60a and the second reflective member 60b are 

25 provided so as to be relatively movable along the illumination optical path. 

Insertion and removal of the annular Ught beam converting unit 60 into the 
illumination optical path and the relative movement between the first reflective member 60a 
and the second reflective member 60b along the illumination optical path are performed by a 
third driving system DR3. With reference to Figs. 17 and 18, the turret plate 51 and the ring 

30 light beam converting unit 60 are explained in detail. 

The turret plate 51, which has a plurality of aperture stops, is rotatable about an axis 
52 as shown in Fig. 1 8. As shown in the figure, on the turret plate 51, aperture stops 50a-50f 
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having different shapes are arranged. The aperture stop 50a is an aperture stop having an 
annular aperture, and the aperture stops 50b and 50e are aperture stops having circular 
apertures with different diameters. The aperture stop 50c is an aperture stop including four 
wedge-shaped apertures, and the aperture stop 50d is an aperture stop including four round- 
shaped apertures. The aperture stop 50f is an aperture stop having an annular ratio (ratio 
between the outer diameter and the inner diameter of the annular aperture) different from the 
aperture stop 50a. 

In Fig. 17, the input device lU inputs necessary information to select an illumination 
method on the mask 5 or on the wafer 7. For example, the input device lU inputs mounting 
information of the various masks to be sequentially mounted on the mask stage MS and 
exposure information (a supply map or the like of the wafers including the exposure 
information) related to the exposure conditions for the respective wafers to be sequentially 
mounted by a supply device, which is not depicted, depending on the process by which a 
pattern is to be transferred to the wafer 7 and the degree of fineness of the pattern which is 
transferred to the wafer 7. 

In the example shown in Fig. 17, based on the input information from the input device 
lU, the control device 8 can select "first annular illumination", "second annular illumination", 
"first normal illumination", "second normal illumination", "first special oblique illumination", 
or "second special oblique illumination". Here, "annular illumination" illuminates the EUV 
light from an oblique direction with respect to the reflective mask 5 and the wafer 7 by 
making the shape of the secondary light sources formed by the reflective type fly eye optical 
system 2 aimular. By this operation, the resolution and depth of focus of the projection 
system 6 are improved. By making the secondary light sources formed by the reflective type 
fly eye optical system 2 a plurality of dispersed decentered light sources decentered from the 
center by a specified distance, "special obhque illumination" illuminates the EUV Hght from 
an oblique direction with respect to the reflective mask 5 and the wafer 7 and fiirther 
improves the resolution and depth of focus of the projection system 6. Furthermore, "normal 
illimiination" illuminates the mask 5 and the wafer 7 at an appropriate a value by making the 
shape of the secondary light sources formed by the reflective type fly eye optical system 2 
substantially circular. 

Based on the input information from the input device lU, the confrol device 8 controls 
the first driving system DRl that rotates the turret plate 51, the second driving system DR2 
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that changes the aperture diameter of the variable aperture stop AS2 of the projection system 
6, and the third driving system DR3 that changes a relative interval between the two reflective 
members (60a, 60b) in the annular light beam converting unit 60 and, which also 
inserts/removes the annular light beam converting unit 60 into the illumination optical path. 
5 The following explains the operation of the control device 8. When the illumination 

state of the mask 5 is set at normal illumination, based on the input information from the 
input device lU, the control device 8 selects "first normal illumination" or "second normal 
illumination". Here, "first normal illumination" and "second normal illumination" have 
different cr values. 

10 For example, when the control device 8 selects "first normal illumination", the control 

device 8 drives the first driving system DRl and rotates the turret plate 51 so that the aperture 
stop 50e is positioned at a position of the secondary light sources formed at an exit side of the 
second optical element group 20b. Simultaneously, the control device 8 changes the aperture 
diameter of the second variable stop within the projection system 6 via the second driving 

1 5 system DR2 as needed. If the annular light beam converting unit 60 is located in the 

illumination optical path, the control device 8 withdraws the annular light beam converting 
imit 60 from the illumination optical path via the third driving system DR3. Under the setting 
state of the illumination system described above, if the EUV light illuminates the pattern of 
the reflective mask 5, the pattern of the reflective mask 5 can be exposed onto the 

20 photosensitive substrate 7 via the projection system 6 under the condition of "first normal 
illumination" (appropriate a value). 

Furthermore, when the control device 8 selects "second normal illumination", the 
control device 8 drives the first driving system DRl and rotates the turret plate 51 so that the 
aperture stop 50b is positioned at a position of the secondary light sources formed at an exit 

25 side of the second optical element group 20b. Simultaneously, the confrol device 8 changes 
the aperture diameter of the second variable aperture stop within the projection system 6 via 
the second driving system DR2 as needed. If the annular light beam converting unit 60 is 
located within the illumination optical path, the control device 8 withdraws the annular light 
beam converting unit 60 from the illumination optical path via the third driving system DR3. 

30 Under the setting state of the illumination system described above, when the EUV light 
illuminates the pattern of the reflective mask 5, the pattern of the reflective mask 5 can be 
exposed onto the photosensitive substrate 7 via the projection system 6 under the appropriate 
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"second normal illumination" condition (i.e., the a value is larger than what is used during the 
first normal illumination). 

Fiuthermore, as described in the examples of Figs. 16 and 17, in response to making 
the aperture diameter of the first aperture stop ASl variable, it is preferable that the reflective 
mirror 15 be replaced with a reflective mirror having a different focal length. By this 
operation, in response to the size of the aperture of the first aperture stop ASl, the light beam 
diameter of the EUV light which enters the reflective type fly eye optical system 2 can be 
changed, and illumination under the appropriate a value becomes possible while maintaining 
illumination with high efficiency. 

Furthermore, when the illumination of the reflective mask 5 is obhque illumination, 
based on the input information firom the input device lU, the control device 8 selects one of 
"first annular illumination", "second annular illumination", "first special obhque 
illimiination", and "second special oblique illumination". The difference between "first 
annular illumination" and "second annular illumination" is a different annular ratio of the 
annular secondary light sources. The difference between the "first special oblique 
illumination" and "second special oblique illimiination" is a different distribution of the 
secondary hght sources. That is, the secondary Hght sources in "first special oblique 
illumination" are distributed into four wedge-shaped regions, and the secondary light sources 
in "second special oblique illumination" are distributed in four circular regions. 

For example, when "first annular illimiination" is selected, the control device 8 drives 
the driving system DRl and rotates the turret plate 51 so that the aperture stop 50a is 
positioned at a position of the secondary light sources formed at an exit side of the second 
optical element group 20b. When "second annular illumination" is selected, the control 
device 8 drives the driving system DRl and rotates the turret plate 51 so that the aperture stop 
50f is positioned at a position of the secondary light sources formed at an exit side of the 
second optical element group 20b. When "first special oblique illumination" is selected, the 
control device 8 drives the driving system DRl and rotates the turret plate 51 so that the 
aperture stop 50c is positioned at a position of the secondary light soiwces formed at an exit 
side of the second optical element group 20b. When "second special oblique illumination" is 
selected, the control device 8 drives the driving system DRl and rotates the turret plate 51 so 
that the aperture stop 50d is positioned at a position of the secondary light sources formed at 
an exit side of the second optical element group 20b. 
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When one of the above-mentioned foiir aperture stops (50a, 50c, 56d, 50f) is set 
within the illumination optical path, simultaneously the control device 8 changes the aperture 
diameter of the second variable aperture stop within the projection system 6 via the second 
driving system DR2 as needed. Next, the control device 8 adjusts the annular light beam 
converting unit 60 to locate the annular Ught beam converting unit 60 in the illumination 
optical path via the third driving system DR3. The annular light beam converting unit 60 is 
set, and adjustment is performed as follows. 

First, when the annular light beam converting unit 60 is not located within the 
illumination optical path, the control device 8 locates the annular hght beam converting unit 
60 within the illimiination optical path via the third driving system DR3. Next, the control 
device 8 changes a relative spacing between two reflective members (60a, 60b) within the 
annular hght beam converting unit 60 via the third driving system DR3 so that the annular 
hght beam is effectively guided to the aperture of one of the aperture stops within the four 
aperture stops (50a, 50c, 50d, 50f) located at an exit side of the second optical element group 
20b. By this operation, the annular light beam converting unit 60 can convert the hght beam 
which enters therein to an annular light beam having an appropriate annular ratio. 

Through the above-mentioned setting and adjustment of the annular light beam 
converting unit 60, the secondary hght sources formed at the reflective type fly eye optical 
system 2 can be annular secondary light sources having an appropriate annular ratio 
corresponding to the respective apertures of the four aperture stops (50a, 50c, 50d, 50f), so 
oblique illumination can be performed onto the reflective mask 5 and on the wafer 7 under 
illumination with high efficiency. 

When the plurality of aperture stops (50a-50f) having different shapes and sizes are 
located within the illumination optical path due to the rotation of the turret plate 51, there are 
cases in which the illumination state in the arcuate illumination field formed on the wafer 7 or 
on the mask 5 may change, due to illumination irregularities or the like. At such times, it is 
preferable to correct the illumination irregularity in the arcuate illumination field by slightly 
moving at least one of optical components among the parabolic mirror 15, the reflective type 
fly eye optical system 2, and the condenser mirror 3. 

In the example shown in Fig. 17, information such as the illmnination condition is 
input to the control device 8 via the input device lU; however, a detector can also be arranged 
which reads information provided on the reflective mask 5. Information concerning the 
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illumination method can be recorded by, for example, a bar code located at a position outside 
the region of the circuit pattern of the reticle R. The detector reads the information relating to 
the illumination condition and transmits the information to the control device 8. The control 
device 8 controls three driving devices (DR1-DR3) as described above based on the 
information related to the illumination condition. 

Additionally, in the example shown in Fig. 17, an aperture stop is arranged at the 
position of the secondary light soiu-ces formed by the reflective type fly eye optical system 2. 
However, when illumination with aperture stops (50c, 50d) having four decentered apertures 
is not needed, and only "annular illumination" and "normal illumination" are performed, it is 
not necessary to provide all of the aperture stops in the turret plate 51, as can be easily 
understood from the principles of this invention. 

Furthermore, in the light beam converting unit 60, by forming the reflective surface of 
the first reflective member 60a by two pairs of flat mirror elements diagonally arranged in an 
opposing manner, and by forming the reflective surface of the second reflective member 60a 
in a square-column manner, four decentered light beams can be formed. Thus, the secondary 
light sources formed by the reflective type fly eye optical system 2 can be quadrupole 
secondary light sources decentered from the center of the fly eye type optical system 2. 
Therefore, the EUV light can be guided so as to match the apertures of the aperture stops 
(50c, 50d) with four decentered apertures. 

Referring to the embodiment shown in Fig. 17, an adjusting mechanism is now 
explained to suitably improve illumination characteristics (illumination distribution, 
telecentricity, and/or the like) on the photosensitive substrate 7 or on the reflective mask 5. 

First, the illumination characteristic measuring sensor IS arranged at one end of the 
substrate stage WS detects illumination characteristic information within the image plane (or 
exposure field) of the measured projection system 6. Next, based on the measurement result 
in the illumination characteristic measuring sensor IS, the control system 8 determines 
whether the current illumination characteristics are acceptable upon performing a specified 
calculation. If the measured illumination characteristics are not acceptable, the control 
system 8 drives at least one of the first through fourth adjusting (driving) systems ADi-AD4 
upon calculating the correction amount of the illxmiination characteristic based on the above- 
mentioned measurement result and performs, for example, correction of illumination 
distribution and telecentricity. 
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Based on the output from the control system 8, the first adjusting system ADj inchnes 
the parabolic mirror 15, as shown by the arrow T5, by a specified amount about the fifth axis 
Axj, which is parallel to the X axis at an exit side of the paraboHc mirror 15. By this 
operation, the rotationally symmetrical illumination distribution ID^j along the Y direction in 
the arcuate illumination field IF (exposure region or exposure field of the projection system 
6) formed on the substrate 7 is corrected, and the illumination distribution IDi,2 becomes flat. 

Based on the output from the control system 8, the second adjusting system ADj 
inclines the parabohc mirror 15, as shown by the arrow T6, by a specified amount about the 
sixth axis Axg (axis parallel to the Z axis) perpendicular to the fifth axis Axj on an exit side of 
the parabolic mirror 15. By this operation, the inclined illumination distribution ID ^2 along 
the Y direction in the arcuate illumination field IF (exposure region or exposure field of the 
projection system 6) formed on the substrate 7 is corrected, and the illiunination distribution 
ID(.2 becomes flat. 

Based on the output from the control system 8, the third adjusting system AD3 
unitarily moves (decenters) the reflective type optical integrator 2 (20a, 20b) and the turret 
plate 51 (including the first driving system T>, and the rotation axis 52) along a plane (XZ 
plane) perpendicular to the illumination optical axis Ax^ (Y direction). By this operation, the 
oblique component of telecentricity (inclination telecentricity) can be corrected. 

Based on the output from the control system 8, the fourth adjusting system AD4 
unitarily moves the reflective type optical integrator 2 (20a, 20b) and the turret plate 51 
(including the first driving system Di and the rotation axis 52) in the direction (Y direction) 
along the illumination optical axis Ax^. By this operation, a change of telecentricity 
isotropically generated according to the position along the optical axis (magnification 
telecentricity) can be corrected. 

As long as the fifth axis Ax^ and the sixth axis Ax^ are perpendicular to each other, the 
fifth axis AX5 can be set at any arbifrary position parallel to the X axis, and the sixtii axis Axg 
can be set at any arbitrary position parallel to the Z axis. 

Thus, by driving at least one of the first through fourth adjusting systems AD1-AD4, 
illumination characteristics in the arcuate exposure field (exposure region) formed on the 
substrate can be suitably corrected. 

The adjusting operation of the above-mentioned illumination characteristic is the same 
as shown in Fig. 25 described above, so fiirther explanation is omitted. However, it is also 
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acceptable to, rather than having the control system 8 shown in Fig. 17 control the four 
adjusting systems (ADj-ADJ, provide an electrical or mechanical adjusting mechanism by 
which the operator can adjust the four adjusting systems (AD1-AD4). In this case, based on 
the measurement result by the illimiination characteristic measuring sensor IS (illiimination 
characteristic measuring device), the operator can correct illumination distribution and 
telecentricity via manually operating the four adjusting systems (AD1-AD4). 

An example was explained in Fig. 17 in which an illumination characteristic in the 
image plane (or exposure field) of the projection system 6 was measured by using the 
illumination characteristic measuring sensor IS arranged at one end of the substrate stage WS. 
However, by arranging the illumination characteristic measuring sensor IS at one end of the 
mask stage MS, two-dimensional illumination characteristics within the illumination field IF 
of the illumination system (1-4) can also be measured by using the illumination characteristic 
measuring sensor IS. In this measurement, the illumination characteristic measuring mask 
does not need to be used. 

The annular light beam converting unit 60 shown in Fig. 17 can be formed by a 
reflective type diffractive optical element, and the incident light can be converted to an 
annular light beam by a diffraction operation of the reflective type diffractive optical element. 
Additionally, if the annular light beam converting unit 60 is formed by a plurahty of 
reflective type diffractive optical elements, the annular ratio can be varied. In this case, for 
example, the annular ratio can be changed by making the interval between the plurahty of 
reflective type diffraction optical elements variable. 

At the enfrance side of the reflective type integrator 2, a quadrupole illumination 
reflective type diffractive optical element may be arranged as a quadrupole Ught beam 
formation unit, and the incident hght can be converted into four light beams by the diffractive 
operation of the reflective type diffractive optical element. By this operation, quadrupole 
illumination, which is a special oblique illumination, can be performed. In this case, if a 
quadrupole light beam formation unit is formed by a plurahty of reflective type diffractive 
optical elements, among which the spacing is relatively variable, and the incident light is 
converted into four light beams thereby, four light intensity distributions formed on the pupil 
plane can be changed in a radial direction with respect to the center of the pupil plane. 
Furthermore, if the annular light beam converting unit 60 and the quadrupole light beam 
formation unit can be removably provided in the illumination optical path, annular 



49 



illumination, quadrupole illumination, or nonnal illumination can be selectively perfonned 
with high efficiency. Additionally, the special oblique illumination is not limited to the 
quadrupole illumination, but can be a multipole illumination by using a multipole Ught beam 
formation unit that converts the entrance light to a plurahty of light beams (2, 4, 8, . . . 2N: N 
is an integer of 1 or more). In this case, it is preferable that the multipole light beam 
formation unit includes at least one reflective type diffraction grid. 

The reflective type optical integrator can be formed by at least one reflective type 
diffractive optical element in addition to forming the multipole light beam formation unit by 
the reflective type diffractive optical elements. 

With reference to Fig. 19, the following explains a second modified example of the 
projection exposure apparatus shown in Fig. 16. The elements having the same fimctions as 
elements in Fig. 16 are identified by the same symbols. In the device shown in Fig. 19, and 
Figs. 20 and 21, which will be described later, as shown in Figs. 16 and 17, the respective 
elements and systems (MS, WS, ASl or 51, AS2, DRl, DR2, lU, 8, AD1-AD4, and IS) are 
provided, but these are not shown in Figs. 19-21. In the device shown in Figs. 19-21, the 
structure of the adjusting mechanism to adjust illumination characteristics (illumination 
distribution, telecentricity, and/or the like) on the photosensitive substrate 7 and the adjusting 
operation are the same as in the example shown in Fig. 16, so further explanation is omitted. 
However, in the device shown in Fig. 19, the magnification telecentricity adjustment made by 
the fourth adjusting device AD4 and the obHque telecentricity adjustment made by the third 
adjusting device AD3 are performed by movement of the main reflective type fly eye optical 
system 2 (20a, 20b) as a main reflective type optical integrator. 

The difference between the exposure apparatus shown in Fig. 16 and the exposure 
apparatus shown in Fig. 19 is that a supplemental reflective type fly eye optical system 120, 
which functions as a supplemental optical integrator (supplemental multi-light source 
formation optical system), and a relay mirror 110, which functions as a relay optical system, 
are respectively arranged in the optical path between the reflective type fly eye optical 
system 2 and the reflective collimator mirror 15. Furthermore, fi-om the arrangement order 
firom the light source side, the supplemental reflective type fly eye optical system 120 is a 
first reflective type fly eye optical system (first optical integrator, first muhi-Hght source 
formation optical system), and the main reflective type fly eye optical system 2 is a second 
reflective type fly eye optical system (second optical integrator, second multi-light source 
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formation optical system). Additionally, the first and second reflective type fly eye optical 
systems (2, 120) can include at least one reflective type diffraction grid. 

The supplemental reflective type fly eye optical system 120 shown in Fig. 19 has a 
first supplemental reflective element group 120a and a second supplemental reflective 
5 element group 120b. As with Figs. 9A and 14A, it is preferable that the plurality of reflective 
elements Eijoa forming the first supplemental reflective element group 120a arranged at an 
entrance side of the supplemental reflective type fly eye optical system 120 are formed in a 
shape approximating the overall shape (outer shape) of the first reflective element group 20a 
arranged at an entrance side of the main reflective type fly eye optical system 2. However, if 

10 the plvirality of reflective elements Ejjoa forming the first supplemental reflective element 

group 120a are formed in a shape shown in Figs. 9 A and 14A, it is difficult to finely arrange 
the respective reflective elements Eijoa without any space therebetween. Because of this, as 
shown in Fig. 22 A, the plurality of reflective elements Eijoa forming the first supplemental 
reflective element group 120a are respectively formed in a substantially square shape. 

1 5 Furthermore, as shown in Fig. 22A, because the cross section of the light beam which enters 
the first supplemental reflective element group 120a is substantially circular, the plurality of 
reflective elements Ei20a are arranged so that the overall shape (outer shape) of the first 
supplemental reflective element group 120a becomes substantially circular. Thus, the first 
supplemental reflective element group 120a can form a plurality of Hght source images 

20 (secondary light sources) with high illumination efficiency at, or in the vicinity of, a position 
of the second supplemental reflective element group 120b. 

Furthermore, as shown in Fig. 22B, it is preferable that the overall shape (outer shape) 
of the second supplemental reflective element group 120b arranged at an exit side of the 
supplemental reflective type fly eye optical system 120 is formed in a shape similar to the 

25 shape of the respective reflective elements E^job forming the second reflective element group 
20b arranged at an exit side of the main reflective type fly eye optical system 2. Furthermore, 
it is preferable that the reflective elements Eijob forming the second supplemental reflective 
element group 120b have shapes which receive the entire light source images or are similar to 
the shapes of the light source images formed by the reflective elements E^joa within the first 

30 supplemental reflective element group 120a corresponding to the reflective elements Ejjob- 

In the example shown in Fig. 19, the main reflective type fly eye optical system 2 has 
the structure shown in Figs. 14A and 14B. Thus, the plurality of reflective elements E2 which 
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form the second reflective element group 20b arranged at an exit side of the main reflective 
type fly eye optical system 2 have a substantially square shape as shown in Fig. 14B. 
Therefore, since the light source images formed by the plurality of reflective elements Eijoa 
forming the first supplemental reflective element group 120a within the supplemental 
5 reflective type fly eye optical system 120 are substantially circular, the shape of the respective 
reflective elements Eijob of the second supplemental reflective element group 120b arranged 
at the exit side of the supplemental reflective type fly eye optical system 120 is formed to be a 
substantially square shape as shown in Fig. 22B. Furthermore, the shape of the reflective 
elements Ej forming the second reflective element group 20b arranged at the exit side of the 

10 main reflective type fly eye optical system 2 is substantially square as shown in Fig. 14B, so 
the plurality of reflective elements Ejjob are arranged such that the overall shape (outer shape) 
of the second supplemental reflective element group 120b arranged at the exit side of the 
supplemental reflective type fly eye optical system 120 is substantially square as shown in 

; Fig. 22B. 

f 5 Thus, in the example shown in Fig. 19, because the first and second supplemental 

reflective element groups (120a, 120b) can be formed by the same reflective element groups, 
the fabrication cost can be controlled by using the same reflective element groups. 
Furthermore, the second reflective element group 20b on the mask side of the main reflective 
type fly eye optical system 120 and the condenser mirror 3 shown in Fig. 19 satisfy the 

20 relationship of condition formula (2) described earlier. 

The following explains an operation in which two reflective type fly eye optical 
systems (2, 120) are arranged. A number of light source images corresponding to the 
multiple (N X M) of M reflective elements of one reflective element group forming the main 
reflective type fly eye optical system 2 and N reflective elements of one reflective element 

25 group forming the supplemental reflective type fly eye optical system 120 are formed at or in 
the vicinity of the surface of the second reflective element group 20b. Accordingly, at or in 
the vicinity of the surface of the main reflective element group 20b, more light source images 
(third light sources) are formed than the tight source images (secondary tight sources) formed 
by the supplemental reflective type fly eye optical system 120. Furthermore, the light fi-om 

30 the third light sources fi-om the main reflective type fly eye optical system 2 superimposingly 
illuminate the reflective mask 5 and the wafer in an arc shape, so illumination distribution in 
the arcuate illumination field formed on the reflective mask 5 and on the wafer 7 can be made 
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more uniform in the device shown in the Fig. 19, and more stable exposure can be 
implemented. 

A relay mirror (relay optical system) 110 arranged between the two reflective type fly 
eye optical systems (2, 120) focuses light beams from the plurality of light source images 
5 (secondary light sources) from the supplemental reflective type fly eye optical system 120 
and guides the light beams to the main reflective type fly eye optical system 2. The relay 
mirror (relay optical system) 110 fimctions to make substantially optically conjugate the 
surface of the reflective element group on the light source side in the supplemental reflective 
type fly eye optical system 120 and the surface of the reflective element group on the light 

1 0 source side in the main reflective type fly eye optical system 2. Furthermore, the relay mirror 
(relay optical system) 1 10 ftmctions to make substantially optically conjugate the surface of 
the reflective element group in the mask side of the supplemental reflective type fly eye 
optical system 120 and the surface of the reflective element group on the mask side in the 
main reflective type fly eye optical system 2. However, the surface of the reflective element 

15 group on the light source side in the supplemental reflective type fly eye optical system 120 
and the surface of the reflective element group on the light source side in the main reflective 
type fly eye optical system 2 are at a position substantially optically conjugate to the mask 5 
or the wafer 7 as an illumination surface. Furthermore, the surface of the reflective element 
group on the mask side in the supplemental reflective type fly eye optical system 120 and the 

20 surface of the reflective element group on the mask side in the main reflective type fly eye 
optical system 2 are located at a position substantially optically conjugate to the position of 
the aperture stop AS or the pupil position of the projection system 6. 

In the device shown in Fig. 19, when the illumination distribution in the arcuate 
illumination field formed on the reflective mask 5 and the wafer is inclined, it is preferable 

25 that the supplemental reflective type fly eye optical system 120 is moved (two reflective 

element groups are unitarily moved). That is, when the two reflective element groups (120a, 
120b) within the supplemental reflective type fly eye optical system 120 are decentered in an 
X direction or a Z direction, by the operation of coma of the supplemental reflective type fly 
eye optical system 120, the inclined component of the illimiination distribution can be 

30 corrected and a flat illumination distribution can be obtained. 

For example, when inclined Ught illumination distribution is generated in the right 
and left direction (X direction) of the arcuate illumination field formed on the wafer surface 
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or on the siirface of the reflective mask 5, by moving the supplemental reflective type fly eye 
optical system 120 in the X direction, the inclined light illumination distribution is corrected. 
Furthermore, when the illiimination is different between the surrounding part and the center 
part in the width direction (Z direction) of the arcuate illvimination field formed on the wafer 
5 surface or on the surface of the reflective mask 5, by moving the supplemental reflective type 
fly eye optical system 120 in the Z direction, the inclined light illumination distribution can 
be corrected. 

Although the exposure apparatus shown in Fig. 19 is capable of making the light 
highly uniform due to the two reflective type fly eye optical systems (2, 120), there are cases 

10 in which illumination adjustment by inclination and/or movement or the like of the parabolic 
mirror 15 cannot be made. In this case, the condenser mirror 3 is formed by a plurality of 
mirrors, and by moving and/or inclining at least one of the mirrors, the inclined illumination 
distribution in the scanning direction (Y direction, DIj direction) and in the non-scanning 
direction (X direction, DIj direction) can be corrected. Furthermore, on the reflective mirror 

15 4 arranged between the mask 5 and the condenser mirror 3, a reflective film having a 

reflectance characteristic (e.g., a specified reflectance characteristic according to an angle) 
can be formed so that illumination can be uniformly corrected on an illumination surface (the 
pattern surface of the mask 5 or the exposure surface of the substrate 7). Furthermore, a filter 
can also be arranged in the illumination optical path so that illumination can be uniformly 

20 corrected on the illumination surface (the pattern surface of the mask 5 or the exposure 
surface of the substrate 7). 

In order to normally form the image of the reflective mask 5 on the wafer 7 by the 
exposure apparatus shown in Fig. 19, it preferable that the image of the exit pupil of the 
illumination system (the image of the third light source formed by the second reflective type 

25 fly eye optical system 2) is formed in a non-aberrated state at the center of the entrance pupil 
of the projection system 6. If this condition is not satisfied, it is preferable that telecentricity 
of the illumination system is adjusted by moving the position of the exit pupil of the 
illumination system, thereby adjusting the position of the entrance pupil of the projection 
system 6. For example, by unitarily moving the main reflective type fly eye optical system 

30 (two reflective element groups 20a, 20b) 2 and the first aperture stop ASl, telecentricity of 
the illumination system is adjusted, and the center of the image of the exit pupil of the 
illumination system can be matched with the center of the entrance pupil of the projection 
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system 6. However, if there is no need for arranging the aperture stop ASl at the position of 
the third Hght source formed by the main reflective type fly eye optical system 2, it is 
sufficient to unitarily move the two reflective element groups (20a, 20b) within the main 
reflective type fly eye optical system 2. 
5 Additionally, in the example shown in Figs. 1 6 and 1 7, in order to match the image of 

the exit pupil of the illimiination system with the center of the entrance pupil of the projection 
system 6, the center of the image of the exit pupil of the illumination system can be matched 
with the center of the entrance pupil of the projection system 6 by unitarily moving the 
reflective type fly eye optical system (the two reflective element groups 20a, 20b) 2 and the 

10 first aperture stop ASl. Furthermore, if there is no need for arranging the aperture stop ASl 
at the position of the secondary light source formed by the reflective type fly eye optical 
system 2 shown in Figs. 16 and 17, it is sufficient to unitarily move the two reflective element 
groups (20a, 20b) within the reflective type fly eye optical system. 

In the example shown in Figs. 16, 17, and 19, the light source parts (10-15) which 

1 5 provide the EUV light to the reflective type fly eye optical system 2 require a significant 
volume, so there is a possibility that the light source parts may have a volume that is more 
than the main part of the exposure apparatus (the optical system from the reflective type fly 
eye optical system 2 to the wafer 7 and the control system). Accordingly, it is possible to 
individually separate the light source parts (10-15) from the main part of the exposure 

20 apparatus, and the light source parts (10-15) and the main part of the exposure apparatus may 
be individually arranged on a base. In this case, in case deformation is generated on a floor 
due to the weight of the light source parts (10-15) and the main part of the exposure 
apparatus, and/or due to vibration of the floor generated due to walking of an operator or the 
like, there is a possibility that an adjustment state may become inaccurate because the optical 

25 axis of the light source parts (10-15) is shifted from the optical axis of the optical system 
within the main part of the exposure apparatus. 

Therefore, in the optical path (from the reflective type fly eye optical system 2 to the 
wafer 7) of the main part of the exposure apparatus, it is preferable to arrange a 
photoelectrical detector which detects any shift of the optical axis of the light source parts 

30 (10-15). Then, the inclination of the reflective mirror 15 (collimator mirror) can be adjusted, 
by a controller that controls the inclination of the reflective mirror 15 based on the output 
from the photoelectrical detector. By this operation, even if vibration of the floor due to 
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walking of the operator or the hke and/or deformation on the floor are generated, the optical 
axis of the light source parts (10-15) can be automatically matched with the optical axis of the 
optical system within the main part of the exposure apparatus. 

It is difficult to obtain high reflectance for soft X ray mirrors. Accordingly, in a soft 
5 X ray exposure apparatus, it is preferable that the niunber of mirrors forming the optical 
system be decreased. Therefore, as one method for decreasing the number of mirrors, the 
structure of the condenser mirror 3 can be omitted by curving the entire second reflective 
element group, which is one of the elements that form the reflective type fly eye optical 
system 2 shown in Figs. 9B and 14B. That is, a second reflective element group can be 

10 formed in which the plurality of reflective elements E2 are arranged along the reference 

spherical surface (reference curved surface) with a specified curvature, so the function of the 
condenser mirror 3 can be accomplished by the second reflective element group. Fig. 20 
shows a second reflective element group 20c, which also ftmctions as the condenser mirror 3. 
Group 20c is substituted for the second reflective element group 20b, which is one of the 

1 5 elements forming the reflective type fly eye optical system 2 shown in Figs. 8, 16, and 17. 
The projection system 6 in Fig. 20 is formed by six mirrors (6a-6f) to fiirther improve 
imaging capability. 

In the examples shown in Figs. 16, 17, 19 and 20, an exposure apparatus using a laser 
plasma light source is shown. However, one disadvantage of a laser plasma hght source is 

20 that it generates a spray of microscopic matter. The optical components become 

contaminated by this microscopic matter, causing deterioration of the capability of the optical 
system (reflectance and uniformality of reflection of the mirror). Because of this, between 
the light source part and the main part of the exposure apparatus, it is desirable that a filter be 
arranged that traps the microscopic matter while permitting transmission of only the soft 

25 X rays. It is preferable to use a thin film formed of a light transmissive membrane as the 
filter. 

Fig. 21 shows an example in which such a filter 16, which traps microscopic matter, is 
arranged. As shovra in Fig. 21, if the debris prevention filter 16 is arranged between the 
elhptical mirror 14 and the collimator mirror 15, even if microscopic matter is generated, only 
30 the elliptical mirror 14 and the filter 16 will need to be replaced, thereby reducing 
maintenance costs. 
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As described earlier, because the soft X ray has low transmittance through the 
atmosphere, the exposure apparatus shown in Figs. 16, 17, 19, 20, and 21 are covered by a 
vacuum chamber 100. However, heat accumulated in the optical components does not escape 
easily, and because of this, the mirror surfaces can be deformed easily. Therefore, it is 
5 preferable that cooling mechanisms be arranged for the optical components within the 

vacuum chamber 100. It is further preferable that a plurality of cooling mechanisms be fixed 
to the mirrors, and if the temperature distribution within the mirrors can be controlled, the 
deformation of the mirrors during the exposure operation can be controlled. 

Additionally, a multi-layer film can be provided on the reflective surface of the 
10 mirrors forming the optical system in the exposure apparatus shown in Figs. 16, 17, 19, 20, 
and 21, but it is preferable that the multi-layer film should be laminated and formed by a 
plurality of substances including one or more of molybdenum, ruthenium, rhodium, silicon, 
and silicon oxide. 

Furthermore, as shown in the Figs. 16 and 17, by using an illumination condition 

1 5 changing mechanism (variable aperture stop ASl, the turret plate 51 with various apertures 
(50a, 50f), or the like), if the size of the secondary light sources formed by the reflective type 
integrator 2 is changed (variableness of the cr value) and/or the shape of the secondary light 
sources is changed (changed to a circular shape, an annular shape, or a quadrupole shape), 
there are cases in which the illumination characteristics may change in response to this 

20 change. Accordingly, in response to a change of an illumination condition by the 

illumination condition changing mechanism, it is preferable to correct (adjust) an inclined 
component of the illumination distribution in the scanning direction and in the non-scanning 
direction (direction perpendicular to the scanning direction) of the arcuate illumination field 
formed on the photosensitive substrate or of the arcuate illumination field formed on the mask 

25 and to correct (adjust) magnification telecentricity and oblique telecentricity of the arcuate 
illumination field formed on the photosensitive substrate or on the mask. However, 
depending on the case, it is acceptable to perform at least one of correction of the inclined 
components of the illumination distribution in the scanning direction and in the non-scanning 
direction and correction of telecentricity including oblique telecentricity and magnification 

30 telecentricity. 

Furthermore, an exposure apparatus related to this invention can be assembled by 
electrically, mechanically, or optically connecting the respective optical components and 
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stages in the device shown in the embodiments of Figs. 1-25 described above so as to 
accomplish the functions described herein. 

The flowchart of Fig. 26 is used to explain one example of a method of manufacturing 
a semiconductor device (one type of micro-device) by forming a specified circuit pattern on a 
5 wafer or the hke (a photosensitive substrate) by using an exposure apparatus shown in the 
embodiments of Figs. 1-25. 

First, in step S301, a metal film is deposited on a wafer. In the following step S302, 
photoresist is coated on the metal film. Next, in step S3 03, by using a projection exposure 
apparatus shown in Figs. 1-25, an image of a pattern on a mask (reticle) is sequentially 
10 exposed and transferred (i.e., scanning exposure is effected) to the respective shot regions on 
the wafer via the projection optical system (projection optical unit). Then, after the 
photoresist on the wafer is developed in step S304, a resist pattern on the wafer is etched in 
step S305, so that a circuit pattern corresponding to the pattern on the mask is formed in the 
respective shot regions on the wafer. By forming circuit patterns in additional layers, a 
15 device such as a semiconductor device or the like can be fabricated. 

According to the method of fabricating a semiconductor device described above, a 
semiconductor device having an extremely fine circuit pattern can be obtained with a good 
throughput. 

Furthermore, with the exposure apparatus shown in Figs. 1-25 described above, by 
20 forming a specified pattern (circuit pattern, electrode pattern, or the like) on a plate (glass or 
quartz substrate), a liquid crystal display element (another type of micro-device) can be 
obtained. The following explains one example of a method for fabricating a liquid crystal 
display element with reference to the flowchart of Fig. 27. 

In Fig. 27, in a pattern formation process S401, a so-called photolithography process 
25 is performed which transfers and exposes a pattern of the reticle to a photosensitive substrate 
(a glass substrate or the like coated by resist) by using an exposure apparatus of the 
embodiments described with respect to Figs. 1-25. A specified pattern including many 
electrodes or the like is formed on the photosensitive substrate by this photolithography 
process. Then, as the exposed substrate goes through processes such as a developing process, 
30 an etching process, a mask stripping process, or the hke, a specified pattern is formed on the 
substrate, and the process moves to the following color filter formation process S402. 
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Next, in the color filter formation process S402, a color filter is formed in which 
groups of three dots corresponding to R (Red), G (Green) and B (Blue) are ahgned in a 
matrix, or a plurality of groups of three stripe filters of R, G, and B are aligned in a horizontal 
scanning line direction. A cell assembly process S403 is performed after the color filter 
5 formation process S402. 

In the cell assembly process S403, a liquid crystal panel (liquid crystal cell) is 
assembled by using a substrate having the specified pattern obtained in the pattern formation 
process S401, a color filter obtained in the color filter formation process S402, and the like. 
In the cell assembly process S403, hquid crystal material is filled between the color filter 
1 0 obtained in the color filter formation process S402 and the substrate having the specified 
pattern obtained in the pattern formation process S401, and a hquid crystal panel (liquid 
. crystal cell) is fabricated. 

:J After that, in a module assembly process S404, a liquid crystal display element is 

completed by attaching parts to the cell such as an electric circuit which performs a display 
h5 operation of an assembled liquid crystal panel (liquid crystal cell), a back hght, and the hke. 

According to the method of fabricating a liquid crystal display element described 
above, a liquid crystal display element having an extremely fine circuit pattern can be 
obtained with a good throughput. 
'- As described above, according to this invention, a much improved method of 

2b fabricating a micro-device can be accomplished by exposure of a finer pattern, and by an 
exposure apparatus having high capability which can sufficiently satisfy strict illumination 
conditions. 

While the present invention has been described with reference to preferred 
embodiments thereof, it is to be understood that the invention is not limited to the preferred 
25 embodiments or constructions. To the contrary, the invention is intended to cover various 
modifications and equivalent arrangements. In addition, while the various elements of the 
preferred embodiments are shown in various combinations and configurations, which are 
exemplary, other combinations and configurations, including more, less or only a single 
element, are also within the spirit and scope of the invention. 

30 
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WHAT IS CLAIMED IS: 

1 . An exposure apparatus comprising: 

a projection system having an exposure field that is decentered with respect to 
an optical axis in order to project a pattern formed on a mask onto a photosensitive substrate; 

an illumination optical system that forms an illumination field on the mask, 
the illumination field being decentered with respect to the optical axis of the projection 
system; 

a drive that relatively moves the mask and the photosensitive substrate along a 
scanning exposure direction with respect to the projection system; 

a first illumination adjustment mechanism that adjusts an illumination 
characteristic along the scanning exposure direction in one of: (a) the exposure field of the 
projection system, and (b) the illumination field formed on the mask; 

a second illumination adjustment mechanism that adjusts an illumination 
characteristic in a direction crossing the scamiing exposure direction in one of: (a) the 
exposure field of the projection system, and (b) the illumination field formed on the mask; 

a first telecentricity adjustment mechanism that appUes an obhque component 
to telecentricity in one of (a) the exposure field of the projection system, and (b) the 
illumination field formed on the mask; and 

a second telecentricity adjustment mechanism that adjusts telecentricity 
changing in accordance with a position from the optical axis in one of (a) the exposure field 
of the projection system, and (b) the illumination field formed on the mask. 

2. The exposure apparatus of claim 1 , wherein the illumination optical system 
forms an arcuate illumination field on the mask in the direction crossing the scanning 
exposure direction. 

3. The exposure apparatus of claim 1, wherein the first illumination adjustment 
mechanism applies an illumination distribution component that is inclined along the scaiming 
exposure direction, and the second illumination adjustment mechanism applies an 
illumination distribution component that is inclined along the direction crossing the scanning 
exposure direction. 

4. The exposure apparatus of claim 1, wherein the illumination optical system 
includes a plurality of illumination optical components, and the first and second illumination 
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adjustment mechanisms move or incline at least one common illumination optical component 
among the plurality of illumination optical components in mutually different directions. 

5 . The exposure apparatus of claim 4, wherein the first telecentricity adjustment 
mechanism adjusts an illumination optical component that is different from an illumination 

5 optical component that is adjusted by the first and second illumination adjustment 

mechanisms, and the second telecentricity adjustment mechanism adjusts an illumination 
optical component that is different from the illumination optical component adjusted by the 
first telecentricity adjustment mechanism. 

6. The exposure apparatus of claim 4, wherein the first telecentricity adjustment 
10 mechanism adjusts an illumination optical component that is different from an illumination 

optical component that is adjusted by the first and second illumination adjustment 
mechanisms, and the second telecentricity adjustment mechanism adjusts an illumination 
optical component that is the same as the illumination optical component adjusted by the first 
telecentricity adjustment mechanism. 
1-5 7. The exposure apparatus of claim 1, wherein the illumination optical system 

- - includes a plurality of illumination optical components, and the first and second illumination 
^ adjustment mechanisms move or incline mutually different optical components among the 

plurality of illumination optical components in mutually different directions. 
' } 8. The exposure apparatus of claim 7, wherein the first telecentricity adjustinent 

20 mechanism adjusts an illumination optical component that is different from an illumination 
optical component that is adjusted by the first and second illumination adjustment 
mechanisms, and the second telecentricity adjustment mechanism adjusts an illumination 

- optical component that is different from the illumination optical component adjusted by the 
first telecentricity adjustment mechanism. 

25 9. The exposure apparatus of claim 7, wherein the first telecentiicity adjustment 

mechanism adjusts an illumination optical component that is different from an illumination 
optical component that is adjusted by the first and second illumination adjustment 
mechanisms, and the second telecentricity adjustment mechanism adjusts an illumination 
optical component that is the same as the illumination optical component adjusted by the first 

30 telecentricity adjustment mechanism. 

10. The exposure apparatus of claim 1, wherein the illumination optical system 
includes a plurahty of reflective components, and the first illumination adjustment 
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mechanism, the second illumination adjustment mechanism, the first telecentricity adjustment 
mechanism, and the second telecentricity adjustment mechanism respectively adjust a 
position of at least some of the reflective components of the illumination optical system. 

1 1 . The exposure apparatus of claim 1 0, wherein the first and second illumination 
5 adjustment mechanisms incline a common reflective component about mutually different 

axes of rotation. 

1 2 . The exposure apparatus of claim 1 0, wherein the first and second telecentricity 
adjustment mechanisms move the same reflective component in mutually different directions. 

13. The exposure apparatus of claim 10, wherein the first and second illumination 
10 adjustment mechanisms move a common reflective component in different directions. 

14. The exposure apparatus of claim 1 1 , wherein the first and second telecentricity 
adjustment mechanisms move the same reflective component in mutually different directions. 

15. The exposure apparatus of claim 14, wherein the first and second illumination 
adjustment mechanism adjust a reflective component that is different from a reflective 

15 component adjusted by the first and second telecentricity adjustment mechanisms. 

16. The exposure apparatus of claim 1 , wherein the illumination optical system 
comprises: 

a hght source that outputs the light beam; 

a reflective optical integrator that makes uniform an illumination distribution 
20 of tight from the tight beam; and 

a light guiding optical system arranged between the light source and the 
reflective optical integrator, and that guides the hght beam from the hght source to the 
reflective optical integrator. 

17. The exposure apparatus of claim 1 , fiirther comprising an illumination 

25 condition changing mechanism that changes an illumination condition in the illumination 

field formed on the mask, or in the exposure field of the projection system formed on the 

photosensitive substrate; and wherein: 

the first illumination adjustment mechanism, the second illumination 

adjustment mechanism, the first telecentricity adjustment mechanism and the second 
30 telecentricity adjustment mechanism perform their respective adjustinents according to a 

change of the illumination condition made by the illumination condition changing 

mechanism. 
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18. A method of fabricating a micro-device utilizing the exposure apparatus of 
claim 1, comprising the steps of: 

illuminating the mask using the illumination optical system of claim 1; and 
exposing an image of the pattern of the mask onto the photosensitive substrate 
using the projection system of claim 1. 

19. An exposure apparatus comprising: 

an illumination optical system having a plurality of reflective components that 
guide a light beam to a mask; 

a projection system that projects a pattern of the mask onto a photosensitive 

substrate; 

a drive that relatively moves the photosensitive substrate and the mask with 
respect to the projection system along a specified scanning exposure direction; 

a first telecentricity adjustment mechanism that applies an oblique component 
to telecentricity in one of: (a) an exposure field of the projection system, and (b) an 
illumination field formed on the mask; and 

a second telecentricity adjustment mechanism that adjusts telecentricity 
changing in accordance with a position fi-om an optical axis in one of: (a) the exposure field 
of the projection system, and (b) the illumination field formed on the mask; 

wherein the first and second telecentricity adjustment mechanisms respectively 
adjust at least some of the plurality of reflective components of the illimiination optical 
system. 

20. The exposure apparatus of claim 19, wherein the second telecentricity 
adjustment mechanism moves a reflective component that is adjusted by the first 
telecentricity adjustment mechanism in a direction different fi-om a direction in which the 
reflective component is moved by the first telecentricity adjustment mechanism. 

21 . The exposure apparatus of claim 19, wherein the second telecentricity 
adjustment mechanism moves a reflective component that is different fi-om a reflective 
component that is adjusted by the first telecentricity adjustment mechanism in a direction 
different from a direction in which the reflective component is moved by the first 
telecentricity adjustment mechanism. 

22. The exposure apparatus of claim 19, wherein the illumination optical system 
comprises: 
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a light source that outputs the Hght beam; 

a reflective integrator that makes uniform an illumination distribution of light 
from the light beam on the photosensitive substrate or the mask; and 

a light guiding optical system arranged betvv^een the light source and the 
reflective integrator that guides the light beam from the Hght source to the reflective 
integrator. 

23. The exposure apparatus of claim 19, wherein the projection system includes an 
exposure field that is decentered with respect to the optical axis, and the illumination optical 
system forms the illumination field at a position on the mask that is decentered with respect 
to the optical axis of the projection system. 

24. The exposure apparatus of claim 1 9, further comprising an illumination 
condition changing mechanism that changes an illumination condition in the illumination 
field formed on the mask, or an illumination condition in the exposure field of the projection 
system formed on the photosensitive subsfrate, and wherein: 

the first telecentricity adjustment mechanism and the second telecentricity 
adjustment mechanism perform their respective adjustments according to the change of the 
illumination condition made by the illumination condition changing mechanism. 

25. A method of fabricating a micro-device utilizing the exposure apparatus of 
claim 19, comprising the steps of: 

illuminating the mask using the illumination optical system of claim 19; and 
exposing an image of the pattern of the mask onto the photosensitive substrate 
using the projection system of claim 19. 

26. A method of exposing a pattern of a mask onto a photosensitive substrate, the 
method comprising the steps of: 

forming an illumination field on the mask, the illumination field being 
decentered with respect to an optical axis of a projection system; 

projecting the pattern of the mask onto the photosensitive substrate with the 
projection system, the projection system having an exposure field that is decentered with 
respect to the optical axis; 

relatively moving the mask and the photosensitive substrate along a scanning 
exposure direction with respect to the projection system; 
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adjusting an illumination characteristic along the scanning exposure direction 
in one of: (a) the exposure field of the projection system, and (b) the illumination field 
formed on the mask; 

adjusting an illumination characteristic in a direction crossing the scanning 
5 exposure direction in one of: (a) the exposure field of the projection system, and (b) the 
illumination field formed on the mask; 

applying an oblique component to telecentricity in one of (a) the exposure 
field of the projection system, and (b) the illumination field formed on the mask; and 

adjusting telecentricity changing in accordance with a position fi-om the optical 
10 axis in one of: (a) the exposure field of the projection system, and (b) the illumination field 
formed on the mask. 

27. The method of claim 26, wherein the illumination optical system forms an 
arcuate illumination field on the mask in the direction crossing the scanning exposure 
direction. 

15 28. The method of claim 26, wherein the illumination characteristic along the 

scanning exposure direction is adjusted by applying an illumination distribution component 
that is inclined along the scanning exposure direction, and the illumination characteristic in 
the direction crossing the scanning exposure direction is adjusted by applying an illumination 
distribution component that is inclined along the direction crossing the scanning exposure 

20 direction. 

29. The method of claim 26, wherein the illumination optical system includes a 
plurality of illumination optical components, and the illumination characteristics along the 
scanning exposure direction and along the direction crossing the scanning exposure direction 
are adjusted by moving or inclining at least one common illumination optical component 

25 among the plurality of illumination optical components in mutually different directions. 

30. The method of claim 29, wherein the oblique component to telecentricity is 
applied by adjusting an illumination optical component that is different firom the at least one 
common illimiination optical component, and the telecentricity changing in accordance with a 
position from the optical axis is adjusted by adjusting an illumination optical component that 

30 is different from the illumination optical component adjusted to apply the oblique component 
to telecentricity. 
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3 1 . The method of claim 29, wherein the oblique component to telecentricity is 
applied by adjusting an illumination optical component that is different from the at least one 
common illumination optical component, and the telecentricity changing in accordance with a 
position from the optical axis is adjusted by adjusting an illumination optical component that 

5 is the same as the illumination optical component adjusted to apply the oblique component to 
telecentricity. 

32. The method of claim 26, wherein the illumination optical system includes a 
plurality of illumination optical components, and the illumination characteristics along the 
scanning exposure direction and along the direction crossing the scanning exposure direction 

10 are adjusted by moving or inclining different illumination optical components among the 
plurality of illumination optical components in mutually different directions. 

33. The method of claim 32, wherein the oblique component to telecentricity is 
applied by adjusting an illumination optical component that is different from the at least one 
common illumination optical component, and the telecentricity changing in accordance with a 

1 5 position from the optical axis is adjusted by adjusting an illumination optical component that 
is different from the illumination optical component adjusted to apply the oblique component 
to telecentricity. 

34. The method of claim 32, wherein the oblique component to telecentricity is 
applied by adjusting an illumination optical component that is different from the at least one 

20 common illumination optical component, and the telecentricity changing in accordance with a 
position from the optical axis is adjusted by adjusting an illumination optical component that 
is the same as the illumination optical component adjusted to apply the oblique component to 
telecentricity. 

35. The method of claim 26, wherein the illumination optical system includes a 
25 plurahty of reflective components, and the illumination characteristics along the scanning 

exposure direction and along the direction crossing the scanning exposure direction, the 
obhque component to telecentricity, and the telecentricity changing in accordance with a 
position from the optical axis are adjusted by adjusting a position of at least some of the 
reflective components of the illumination optical system. 
30 36. The method of claim 35, wherein the illumination characteristics along the 

scanning exposure direction and along the direction crossing the scanning exposure direction 
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are adjusted by inclining a common reflective component about mutually different axes of 
rotation. 

37. The method of claim 35, wherein the obhque component to telecentricity and 
the telecentricity changing in accordance with a position from the optical axis are adjusted by 

5 moving the same reflective component in mutually different directions. 

38. The method of claim 35, wherein the illumination characteristics along the 
scanning exposure direction and along the direction crossing the scanning exposure direction 
are adjusted by moving a common reflective component in different directions. 

39. The method of claim 36, wherein the obHque component to telecentricity and 

1 0 the telecentricity changing in accordance with a position from the optical axis are adjusted by 
moving the same reflective component in mutually different directions. 

40. The method of claim 39, wherein the illumination characteristics along the 
scanning exposure direction and along the direction crossing the scanning exposure direction 
are adjusted by adjusting a reflective component that is different from a reflective component 

i 5 moved to adjust the oblique component to telecentricity and the telecentricity changing in 
accordance with a position from the optical axis. 

4 1 . The method of claim 26, frirther comprising: 

changing an illumination condition in the illumination field formed on the 
mask, or in the exposure field of the projection system formed on the photosensitive 
20 substrate; and wherein: 

the illumination characteristics along the scanning exposure direction and 
along the direction crossing the scanning exposure direction, the oblique component to 
telecentricity, and the telecentricity changing in accordance with a position from the optical 
axis are adjusted according to the change made to the illumination condition. 
25 42. A method of exposing a pattern of a mask onto a photosensitive substrate, the 

method comprising the steps of: 

forming an illimiination field on the mask, the illumination field being 
decentered with respect to an optical axis of a projection system; 

projecting the pattern of the mask onto the photosensitive subsfrate with the 
30 projection system, the projection system having an exposure field that is decentered with 
respect to the optical axis; 
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relatively moving the mask and the photosensitive substrate along a scanning 
exposure direction with respect to the projection system; 

applying an oblique component to telecentricity in one of: (a) the exposure 
field of the projection system, and (b) the illumination field formed on the mask; and 
5 adjusting telecentricity changing in accordance with a position from the optical 

axis in one of: (a) the exposure field of the projection system, and (b) the illumination field 
formed on the mask; 

wherein the obhque component to telecentricity and the telecentricity 
changing in accordance with a position fi"om the optical axis are adjusted by moving at least 
1 0 some of the plurahty of reflective components of the illumination optical system. 

43 . The method of claim 42, wherein the obhque component to telecentricity is 
adjusted by moving a reflective component in a direction different firom a direction in which 
the reflective component is moved in order to adjust the telecentricity changing in accordance 
with a position from the optical axis. 
1 5 44. The method of claim 42, wherein the oblique component to telecentricity is 

adjusted by moving a reflective component that is different from a reflective component that 
is moved in order to adjust the telecentricity changing in accordance with a position from the 
optical axis. 

45. The method of claim 42, wherein the projection system includes an exposure 
20 field that is decentered with respect to the optical axis, and the illumination optical system 

forms the illumination field at a position on the mask that is decentered with respect to the 
optical axis of the projection system. 

46. The method of claim 42, further comprising: 

changing an illumination condition in the illumination field formed on the 
25 mask, or an illumination condition in the exposure field of the projection system formed on 
the photosensitive substrate, and wherein: 

the oblique component to telecentricity and the telecentricity changing in 
accordance with a position from the optical axis are adjusted according to the change made to 
the illumination condition. 
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ABSTRACT OF THE DISCLOSURE 

A projection system projects a pattern formed on a mask onto a photosensitive 
substrate. An illumination optical system forms an illumination field at a position on the 
mask. A drive relatively moves the mask and the photosensitive substrate with respect to the 
projection system along a predetermined scaiming exposure direction. A first illumination 
adjustment mechanism adjusts an illumination characteristic along the scanning exposure 
direction. A second illumination adjustment mechanism adjusts an illumination characteristic 
in a direction crossing the scanning exposure direction. A first telecentricity adjustment 
mechanism apphes an inclined component to telecentricity. A second telecentricity 
adjustment mechanism adjusts the telecentricity relative to the position of an optical axis. 
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